Google 



This is a digital copy of a book that was preserved for generations on Hbrary shelves before it was carefully scanned by Google as part of a project 

to make the world's books discoverable online. 

It has survived long enough for the copyright to expire and the book to enter the public domain. A public domain book is one that was never subject 

to copyright or whose legal copyright term has expired. Whether a book is in the public domain may vary country to country. Public domain books 

are our gateways to the past, representing a wealth of history, culture and knowledge that's often difficult to discover. 

Marks, notations and other maiginalia present in the original volume will appear in this file - a reminder of this book's long journey from the 

publisher to a library and finally to you. 

Usage guidelines 

Google is proud to partner with libraries to digitize public domain materials and make them widely accessible. Public domain books belong to the 
public and we are merely their custodians. Nevertheless, this work is expensive, so in order to keep providing this resource, we liave taken steps to 
prevent abuse by commercial parties, including placing technical restrictions on automated querying. 
We also ask that you: 

+ Make non-commercial use of the files We designed Google Book Search for use by individuals, and we request that you use these files for 
personal, non-commercial purposes. 

+ Refrain fivm automated querying Do not send automated queries of any sort to Google's system: If you are conducting research on machine 
translation, optical character recognition or other areas where access to a large amount of text is helpful, please contact us. We encourage the 
use of public domain materials for these purposes and may be able to help. 

+ Maintain attributionTht GoogXt "watermark" you see on each file is essential for informing people about this project and helping them find 
additional materials through Google Book Search. Please do not remove it. 

+ Keep it legal Whatever your use, remember that you are responsible for ensuring that what you are doing is legal. Do not assume that just 
because we believe a book is in the public domain for users in the United States, that the work is also in the public domain for users in other 
countries. Whether a book is still in copyright varies from country to country, and we can't offer guidance on whether any specific use of 
any specific book is allowed. Please do not assume that a book's appearance in Google Book Search means it can be used in any manner 
anywhere in the world. Copyright infringement liabili^ can be quite severe. 

About Google Book Search 

Google's mission is to organize the world's information and to make it universally accessible and useful. Google Book Search helps readers 
discover the world's books while helping authors and publishers reach new audiences. You can search through the full text of this book on the web 

at |http : //books . google . com/| 





fflti' SjnpKins Kibraw 

pitfli'Tiipii til rlii- 

ielaiid ^laiifDrt Junior olniwersity 

liji (Fimnthu 2iapktns. 





I Cs- t) bO 



r 5S 



PLATE-GIRDER 



RAILWAY BRIDGES 



\^ 



PLATE-GIRDER 

Railway Bridges 



MAURICE FITZMAURICE 




HDitban: 

E. & F. N. SPON, 125 STRAND 

^tin Sorb: 

SPON & CHAMBERLAIN, 12 CORTLANDT STREET 

189s 

£,H. 



PREFACE. 



The great majority of bridges on a line of railway 
are short-span plate-girder bridges. This book is 
intended to help those young engineers who, joining 
an engineer s office for the first time, find themselves 
engaged in this class of work. All complicated 
calculations have been avoided and the object in 
view has been to help the student or pupil to design 
a bridge of this kind efficiently, cheaply, simply, and 
in accordance with modern practice. 

The theoretical knowledge required is small, and 
an attempt has been made not to enlarge on this 
part of the subject more than absolutely necessary. 

Practical details with regard to construction and 
erection, together with particulars of market sizes of 
plates, &c., have been given as far as possible. 

A chapter has been given to specifications for 
steel and iron, and to some notes on the treatment 
of these metals in the manufacture of bridge work, 
accompanied by some remarks on the working 
stresses to be adopted in these materials. 
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The detailed drawings of bridges, and the calcu- 
lations accompanying them will, it is probable, be 
more useful than abstract remarks on the subject. 
Several kinds of modern trough floors have been 
given, with remarks thereon. 

While space has not allowed detailed reference 
to more than a few types of bridges, it is hoped that 
enough has been said, with regard to theoretical 
principles and practical details, to simplify the design 
of any Structure which may be presented under the 
head of Plate-girder Railway Bridges. 

M. F. 

June 1805. 
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CHAPTER I. 

STRAINS IN BEAMS AND GIRDERS. 

We shall assume for the present that all the external 
forces acting on a girder are vertical. 

Consider the external forces on one side of any 
vertical section of a girder, and take the moment of 
each of these forces around this section ; the sum of 
all these moments is called the bending moment at 
this section. 

Consider the case of a girder supported at both 
ends and loaded in the centre with a concentrated 
load as in Fig. i. We shall call the weight in the 
middle W. This weight is supported by the girder 
A B, which in turn is supported by the two abut- 
ments. It is evident that the reaction at each 

abutment is equal to — . The bending moment at 

the centre is, from our definition, 

W / W/ 
— X - = . 

224 

B 
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Let US now take a vertical section distant x from 
the left abutment. Considering the forces to the 
left of this section, we find the only force is the 

FIG. I. 



reaction at the left abutment which is — ; the bend- 

2 

ing moment at the section we have taken is therefore 
— XX. If we consider the forces to the right of 

the section we have the force W and the reaction 
— , and the bending moment at the section due to 

these forces is, 

— / X / 



(/_^)_w(^-;.) = 



2 \2 / 2 2 2 



+ W a; = — X ^, 



which, of course, is the same as we obtained by 

considering the forces on the left side of the section. 

We shall now consider the girder supported at 

both ends as before, but having more than one weight 



CONCENTRATED LOADS. 3 

on It. We shall call the left reaction Ri and the right 
reaction R2. 

Fig. 2 shows the girder with three weights Wi, 
W2 and W3 on it, at the distances shown from the 
left abutment. 

FIG. 2. 




We know that the reactions are, 



R,= W. 



/ — ^1 



4 W, 



I — a 



2 



+ w, 



I -— a. 



R,= W.^' + W,^^+ W3^\ 



Consider the bending moment at a section distant 
X from the left abutment. The forces to the left of 
this section are Ri and Wi. The bending moment 
at section is therefore, 

Ri ^ - Wi (;i; - a;). 

If we now consider the forces to the right of the 
section we find R,, W^ and W3, and the bending 
moment at the section is, 

R, (/- ;ir) - W3 (^3 - ;r) - W, (a, - x), 

B 2 
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weight (/ — x) w. The bending moment at the 
section due to these weights is therefore, 

wl /, N /, X I — X 

— X il — x)-- U ^x)w X 

= a ^ x) (— - ^ (^ - ^ )\ = ^x - ^ 

\ 2 2/2 2 ' 

which is the same as we have already got by con- 
sidering the weights on the left hand. 

The bending moment at the centre is, similarly, 

w I I w I l^wP^wl^^wP 

X — X — — o "^ ""o • 

22244 8 8 

If we represent the total load ze/ / by W, the bending 

. W/ 

moment at the centre is -^- . 

8 

We see, therefore, that the bending moment at 
the centre of a girder, with a uniformly distributed 
load, is half the bending moment at the centre of the 
same girder, if the same load is concentrated at the 
centre as in Fig. i. 

Referring back now to Fig. i : It is evident that 
the bending moment at any section varies directly as 
its distance from the abutment. We therefore erect 
at the centre a vertical equal on any scale to the 
bending moment at the centre, and join the extremity 
of this vertical with the points of support ; the ordi- 
nates at any other section on the same scale will 
represent the bending moment at that section. 

In Fig. 4 the vertical Vi at the centre represents 



6 PLATE-GIRDER RAILWAY BRIDGES, 

the bending moment at the centre on some particular 
scale (say a certain number of foot-tons to the inch). 
The extremity of this vertical is joined to the points 

FIG. 4- 




of support, then the ordinate V, at any section C, is 
the bending moment at that section to the same 
scale. 

Let us now consider Fig. 2. If we calculate the 
values of the bending moments at each weight, and 
set up at each weight verticals equal to these bending 
moments, and join their extremities, and also the 
extremities of the end ones with the points of 
support, the ordinates thus given will represent the 
bending moments at their respective points. 

In Fig. 5, Vi V2 V3 are the verticals set up at 
the weights Wi Wa and W3, equal on some scale to 
the bending moments at these points. Then the 
bending moment at any other point C is represented 
by the ordinate V. 

It may not be quite clear that the line joining 
the extremities of the verticals, which represent on 
a certain scale the bending moments at the points 
where the weights are situated, will give the bending 






■ 
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moments at the intermediate points, but this can 
easily be made clear. 

The bending moment at a point distant x from 
the left abutment, and situated between the weights 
Wi and Wa, we have found to be, 

RijT — Wi {x — ^i), 

and the bending moment at the weights Wi is Ri Ui. 
The difference between these bending moments is, 

Ri^;— Wi (^— ^i) — Ri^i = Ri(^ — ^i)— Wi(;t: — ^i) 

= (R, -WO(;i:-^0; 

therefore, the increase of bending moment shown by 
length b on diagram between the weight Wi and any 
point situated between Wi and Wg, any distance x 
from the left abutment, varies directly as {x — a^ ; 
that is, it varies directly with its distance from Wi ; 

FIG. 5. 




and the upper extremity of the lengths corresponding 
to these differences must lie on a line passing through 
the upper extremity of the vertical at Wj, and we 
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know that at the weight W, this line must pass 
through the extremity of the vertical there ; therefore 
die ordinates of the line joining the extremities of 
die verticals erected at W, and W^ and which 
represent the bending moments at these points, 
must give the bending moments at all intermediate 
points to the same scale, and similarly, it can be 
proved between any other verticals. 

Referring now to Fig. 3 : From the equation of 
the bending moment we can see that the line join- 
ing the extremities of the bending moment ordinates 
is a parabola. If we therefore erect at centre a 
vertical V| equal to the bending moment at the 
centre on any scale, and describe a parabola having 
its vertex at the extremity of V^, and passing through 
the points of support, the ordinate at any point will 
give the bending moment at that point on the same 
scale. This is done in Fig. 6. For instance, at the 

FIG. 6. 




point C the ordinate V gives the bending moment 
at that point. When the ordinate in the centre is 
taken on such a scale so that Vi is not more than 
one-tenth of /, a circle and parabola are for practical 
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purposes the same, and the former may be described 
instead of the latter. 

When in addition to a uniform load on a girder 
one or more isolated loads are placed on it the 
bending moment at any point will be of course the 
sum of the bending moments at that point for each 
kind of loading. 

For a given intensity of load per unit of length, 
a uniform load over the whole girder produces a 
greater bending moment at each cross section than 
any partial load. 

** Let the two ends of the girder be called C and 
D, and any intermediate cross-section E. Then for 
a uniform load the bending moment at E is an 

FIG. 7. 

'^W^'^!^^ li 



;i.s 




upward moment, being equal to the upward moment 
of the supporting forces at either of the ends rela- 
tively to E minus the downward moment of the 
uniform load between that end and E. A partial 
load is produced by removing the uniform load from 
part of the beam situated either between E and C, 
between E and D, or at both sides of E. First let 
the load be removed from any part of the beam 
between E and C ; then the downward moment, rela- 
tively to E, of the load between E and D is unal- 



lO 
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tered ; and the upward moment, relatively to E, of 
the supporting force at D, is diminished in conse- 
quence of the diminution of that force ; therefore 
the bending moment at E is diminished. Similarly, 
it can be proved that if the load be removed from 
part of the girder between E and D, the bending 
moment at E is diminished, and the combined effect 
of these operations takes place when the load is 
removed from portions of the beam lying on both 
sides of E ; so that the removal of the load from 
any portion of the beam diminishes the bending 
moment at each point." ♦ 

Before considering how a girder resists the 
stresses produced by the bending moments at the 
different sections we shall first shortly consider what 
are called the shearing stresses in girders. 

The shearing strain at any section of a girder is 
the amount of the load transmitted through that 
section to the abutment. 

FIG. 8. 




In Fig. 8 we have a girder loaded with a weight 
W at a distance a from the left abutment. The 
amount of the load transmitted to the left abutment 

* Rankine, * Applied Mechanics.' 
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is — -J — W, and to the right abutment is -j W. The 
shearing stress therefore at any point between 
W and the left abutment is — ■j-' W, and between 

W and the right abutment is ^ W. If the weight 

were in the centre of the girder the shearing strain 

at any point between the centre and the abutment 

W 
would be — . 

2 

In Fig. 9 we have a girder loaded uniformly 
with a weight of w per unit of length. The amount 

of weight transmitted to each abutment is — . 



FIG. 9. 




Consider a section distant a from the left abut- 
ment. The amount of the load transmitted through 
this section to the abutment is evidently the reaction 
of the abutment, less the weight between the section 



and the abutment, and is therefore 



w I 



- w a or 



w 



(4-4 



From this it is seen that when a = 



— the shear is zero, or that the shear at the centre 
2 
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is nil, and the shear increases directly in proportion 
to the distance from the centre. 

If in Fig. 8 we erect at the left abutment a ver- 

tical equal on any scale to — j — W, and similarly at 

the right abutment a vertical equal to j W, and 

draw horizontals through the extremities of these 

verticals until they meet a vertical erected at W, 

the ordinates thus obtained give the shear at any 

section to the same scale. 

If in Fig. 9 we erect at each abutment a vertical 

iv I 
on any scale equal to — and join the extremities of 

these verticals with the centre of the line represent- 
ing the girder, the ordinate thus obtained at any 
section will represent the shear at that section to 
the same scale. 

For a given intensity of load per unit of length, 
the greatest shearing force at any cross section of a 
girder takes place when the longer of the two parts 
into which that section divides the girder is loaded 
and the shorter unloaded. 

" Let the ends of the girder Fig. lo be called C 
and D, and the given cross section E ; and let C E 
be the longer part, and E D the shorter part of the 
girder. In the first place let C E be loaded and E D 
unloaded. The load may be altered either by put- 
ting weight between D and E, or by removing 
weight between C and E. If any weight be put 
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between D and E, a force equal to part of that 
weight is added to the supporting force at D, and 
therefore to the shearing force at E ; but a force 



FIG. 10. 







equal to the whole of that weight is taken away 
from that shearing force, and therefore the shearing 
force at E is diminished by the alteration of the 
load. If weight be removed from the load between 
C and E, the shearing force at E is diminished also, 
because of the diminution of the supporting force at 
D. Therefore any alteration from that distribution 
of the load in which the longer segment C E is 
loaded, and the shorter segment E D unloaded, 
diminishes the shearing force at E." * 

In Fig. II, let a uniform load, whose length ex- 
ceeds the span of the girder, pass over the girder, 
moving from right to left. Then if the head of the 
load is in any position distant x from the right abut- 
ment, the shearing force throughout the unloaded 
portion of the girder is equal to the reaction at the 

left abutment = te; a; x — > = — =- . 

2 / 2 / 

As the load moves forward the shear at the 

head of the load increases as the ordinates of a 

* Rankine, * Applied Mechanics.* 
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parabola, and is given by the ordinates of the curve 



wl 



a e d where b d — — , which is the shear at the 

W 9 ' ^% 

right abutment when the moving load completely 
covers the span. From what we have previously 



FIG. II. 




seen »bove, as soon as the head of the load passes 
the centre of the girder the shearing force, at what- 
ever section the head of the load may be, is the 
maximum shearing force which this load could im- 
pose at that section ; that is, from e to d, the ordinates 
of the curve at any section give the maximum shear 
which the moving load can impose at that section. 
If the moving load now goes from left to right, we 
have the corresponding curve bee giving the shears 
at the head of the load as it moves over, and in this 
case the ordinates to the right of the centre give the 
maximum shears which the moving load can impose 
at any section ; therefore, whether the load moves 
from right to left or vice versa, the ordinates between 
the line a b and the curve c e d, give the maximum 
shear at each section of the girder. 
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If we now consider the live and dead load 
together : 

In Fig. 1 2, the ordinates above the line a b give 
the shear at each point for the dead load, and the 
ordinates between a b and the full curved line be- 



FIG. 12, 




low give the maximum shears at any point from 
the moving load ; therefore the lines between the 
boundaries of the two shears such as z y, give 
the maximum shear at any point from both dead 
and live loads. 
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CHAPTER II. 



STRAINS IN GIRDERS. 



Let us now consider how a girder resists the effect 
of the bending moment at any point. 

Let Fig. 13 represent a horizontal flanged girder 
with continuous web. Let / be the span, centre to 



FIG. 13. 




■r 
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CROSS SECTION 
AT OuTb. 



^f* 



^ff« 



centre of bearings, let d be the depth between centres 
of flanges, and suppose a load W in the middle. 
J'akc a section, distant x from the left abutment. 
J'hc forces keeping the portion of the girder between 
the left abutment and x in equilibrium are the 

reatition , the horizontal forces of compression and 

tension in the top and bottom flanges respectively at 
a mu\ h^ utui the shearing force at the section a b, 
ncjjlectin^,, um irt usual in English practice, any 
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horizontal strain that may be taken up by the plate- 
web. Take moments around point a and we 
have, 

— X ^ = tension in bottom flange x rf, 

and taking moments around b we have 

— X ^ = compression in top flange x a, 

the shearing forces in each case disappearing. It 
will thus be seen that the compression in the top 
flange is equal to the tension in the bottom flange. 

The left-hand side of both equations is the 
bending moment at the section a b ; therefore we 
have, 

The compression in top flange == tension in bottom 
flange = bending moment -r- the depth of the girder. 

Similarly, for any other section of the girder, the 
stress in either flange at any point is equal to the 
bending moment at that point divided by the depth 
of the girder ; and in any horizontal flanged girder 
with continuous web, however loaded, the stress in 
either flange at any point is equal to the bending 
moment at that point divided by the depth of the 
girder. 

In a girder, therefore, loaded at the centre with 
a weight W, the stress in either flange at the centre 

. W/ 

4 a 
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In a girder loaded uniformly with a load w per 
unit of length, the stress in either flange at the 

centre is = -o-j-, or if the total load w I — W, the 

Since the stress in the flanges of a horizontal 
girder with a continuous web is always equal to the 
bending moment, divided by the depth of the girder, 
it follows that, if we have a curve whose ordinate at 
any point represents the bending moment at that 
point, the same curve, but to a scale d times greater 
than the scale used for bending moments, where 
d = depth of girder, will represent the stresses in 
the flanges. 

Thus, in Fig. 14, if the ordinates of the curve 
ab c represent the bending moments of a girder of 

FIG. 14. 
h 





40 feet span and 4 feet deep, to a scale of 20 foot- 
tons to the inch, the ordinates of the same cur\^ 
but to a scale of 5 tons to the inch, gi\*e the stresses 
in the flanges* 
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CHAPTER III. 

STRAINS IN SOLID BEAMS. 

We shall now briefly consider the effect of transverse 
loads on solid beams. 

If a beam be supported at both ends and loaded 
transversely, the upper fibres are in compression and 
the lower in tension, and the neutral axis, i. e. the 
position where the fibres are neither in tension nor 
compression, passes through the centre of gravity of 
the section. 

The determination of the strength of the beam 
depends on the theory that every fibre in a beam is 
strained in direct proportion to its distance from the 
neutral axis. 

" Representing the effect of this condition geo- 
metrically for a square cross-section we are informed 
of the following facts. The neutral axis being at 
the middle of the depth, at that point the horizon- 
tal strain will be nil ; increasing to the maximum 
amount at the extreme depth. If, therefore, we 
draw the diagonals of the square (Fig. 15) we obtain 
two triangles — shaded on the diagram — the width of 
which at any given distance from the neutral axis 
will be proportional to the horizontal strain on the 

c 2 



*::..i :\iv;;ji::7j:j? .£.x.i::r.i y skwges. 



oix:^ :;. :n^ suxK xnnt. and rie xrris jf ^vhich will» 
v*4i>c\Juc<Ui\\ ',:t? ,?roTXjmonai 33 die ium of the 
*\;4u^»iuai .;c:sc?u of oil :iie ibics an escn :ade of the 




u**s»*** ^N«v bt 5iK'tX Wt^f .ur^a of the triangle 

v^sv^\«uv vJu^ v^;u^v;^.iv:ac .irtTvi of mcciL ;issummg 

liK vvivvi u ^ill iV4nt* to b^ o^uol ia JLinouat to that 

I s, VV4I0V oi >;^A>ittv of Ciich of these triangles 
»< .^ . %sM vv> IV ^ i-vutt twv^^^Mcvb of the height of the 
ui,^n^U Uysn v^o vnv\ We ttuy. therefore, consider 
k;\^ \\tw*tv>oi vho vUVv\ v*f each triangle concentrated 
w \U\< tv*»*V . vMkI x^< m the Cxi:$e of a flanged girder, 
\\\^ <**\-<H 01 vuM ilxUi^jt^ was eviu;U to the bending 
Mk.Miw ov vU\»vk\l t^v the vlcplh of the girder, in this 
v*uv \u^ »**AV ^vvv tho ylt\ss in each triangle is equal 
v*^ ^Uv ^v»^'»»^v; uKMueut vUvUlcvl by the depth between 
0^» vv**Vu^ v^t ^^^^vity of the im> triangles. In this 
^^^ kMvKM\s tho vHtiVi^i* ia each triangle will be 



SOLID BEAMS. 21 

2—7 , and if we divide this by the area of the triangle 

(as in a flanged girder we divide the similar expres- 
sion by the area of the flange) we get the stress per 

square inch to be B M -^ (f ^ X -) = B M -^ ^. 

The stress per square inch thus obtained is the stress 
per square inch in the extreme fibres. The expres- 

sion -— is called the moment of resistance for this 
6 

section ; and for any section, the bending moment at 

that section divided by the moment of resistance for 

that section gives the stress per square inch in the 

extreme fibres. 

As an example, suppose we have a bar of iron 
6 inches square, on supports 10 feet apart, loaded 
with 5 tons in the middle ; let us find the stress on 
the extreme fibres in the centre of the span. 

The bending moment at the centre, due to the 

. ^, .Jit . s tons X 1 20 inches . , 

5 tons m the middle, is ^ =150 inch- 

4 
tons. The weight of the bar will be, say half a ton ; 

therefore the bending moment, at the centre, due to 

• 1 ^ • o* ^ X 120 . t 1 

Its own weight, is — ^-^ = 7 ' 5 inch- tons ; and 



therefore the total bending moment at the centre 

= 157*5 inch-tons. The moment of resistance is 

d^ 53 

— = ~ =36, and therefore the bending mo- 

ment divided by the moment of resistance =» ^' ^ 

36 
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= 4*4 tons, which is the stress per square inch in 
the extreme fibres. 

In beams of non-symmetrical cross-section we 
shall be able to find the moment of resistance with 
very little more trouble than in symmetrical sec- 
tions, if we remember the two fundamental rules : — 
(i) The neutral axis passes through the centre of 
gravity of the section. (2) Each fibre is strained 
in direct proportion to its distance from the neutral 
axis. 

As an example of finding the strength of an 
unsymmetrical section, we shall take the case of a 
trough floor which has been used on a large number 
of bridges, and of which the section of one flute is 
shown full size in Plate I. The pitch of the troughs 
is 2 feet 4 inches, centre to centre, and they are 
connected at the top table by 8-inch by |^-inch 
plate. There are no rivets in the bottom table, and 
as the top will be in compression, assuming that the 
troughs are not fixed at the ends, the rivet holes there 
need not be considered. 

To save work we shall consider only half of one 
flute, that is, the portion shown between the thick 
dotted lines. The strength of the whole flute 
will of course be double the strength of this por- 
tion. 

There is no difficulty in finding the position of 
the centre of gravity of this section. The area of 
half the trough without the cover on top table is 
1 1 • 953 square inches, and the area of the cover 2 • 5 
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square inches. Taking the moment of each of these 
around the bottom edge we have : — 

Moment of trough — ii"9S3 sq. inches X 4i^ inches = 48' 559 



Total Moment = 69-6;3 

If we then divide the total moment by the total 
area we get the height of the centre of gravity of 
the section above the bottom edge, thus : — 



i4'453 



4 '82 inches. 



Now, remembering that the stress in each fibre 
is proportional to its distance from the neutral axis 
we see that the maximum stress must be at the 
bottom fibre. For the portion below the neutral 
axis, consider the horizontal fibre a b ; draw vertical 
lines from its extremities to the bottom edge or to 
the line of the bottom edge produced, join the two 
points on the bottom edge thus obtained to the 
point 0, which is the centre of the beam at the neu- 
tral axis ; these two lines intercept a certain length 
on the horizontal fibre a b, or the horizontal fibre 
a b produced. Making a similar construction for 
all the fibres below the neutral axis we obtain the 
shaded area in diagram which represents the equiva- 
lent area of metal, assuming the stress at all points 
to be equal to that on the extreme fibre in a similar 
way to that used for the square section. For the 
portion above the neutral axis the construction is 
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similar, except that, as the extreme fibre is closer 
to the neutral axis than the extreme fibre in the 
lower portion ; we must draw our vertical lines to a 
horizontal line which is the same distance from the 
neutral axis as the extreme fibre in the lower por- 
tion of the section is. The construction is shown 
for the fibre c d. The shaded portions in the figure 
were obtained by taking fibres one-eighth of an inch 
apart horizontally, and is quite close enough for sec- 
tions of this kind. It may also be noted that any 
other point on the neutral axis might be used to 
radiate to instead of the point O. 

It is evident now that if the construction is cor- 
rect, the shaded figures on each side of the neutral 
axis must be equal. On taking out their areas 
with a planimeter they are each found to be practi- 
cally 4' 55 square inches. 

We have now to find the centre of gravity of 
each of these shaded figures, and this is done quickly 
by cutting them out in cardboard, and pinning each 
one to a vertical board or wall. If a line of thread 
with a weight on it is now hung from the same pin, 
this line will pass through the centre of gravity of 
the figure if the cardboard is free to rotate on the 
pin. If the cardboard is hung afterwards from the 
pin by another hole in the cardboard the plumb line 
will again pass through the centre of gravity, and 
the intersection of the lines thus traced on the card- 
board by the plumb line will give the centre of 
gravity of the section. 
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In this way, in the sections under consideration, 
we have found that the centre of gravity of the 
upper shaded figure is 3" 13 inches above, and of 
the lower figure 4 "02 inches below the neutral axis. 
The moment of resistance of the section is the area 
of either figure multiplied by the distance between 
the centres of gravity of the two figures. We have 
found that the area is 4*55 square inches and the 
distance between the centres of gravity is 7-15 
inches, therefore the moment of resistance of the 
section is 

4-55 X 7-15 = 32-53 



and therefore the moment of resistance for the 
whole flute will be 65 '06 in inch units. 

We can now find the tluoretical strength of any 
solid beam, and if we know the direct ultimate 
strength of the metal, we can calculate what load 
will produce a stress on the outside fibre equal to 
its ultimate strength ; theoretically the beam ought 
then to break, but practically it will not do so. The 
increase of strength is due to the lateral adhesion of 
the fibres, and the proportionate increase of strength 
is different for different cross sections, and for differ- 
ent metals. In rectangular and round cross sections 
the strength may be increased above that found by 
theory from 60 to 70 per cent, in wrought iron or 
steel, and to 125 per cent, in cast iron. As the 
form of section approaches the I section the in- 
crease of strength gets less and less, and in the 
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calculations which will have to be made in these 
pages for bridge floors and floor beams will be neg- 
lected. 

This increase of strength above that shown in 
theory is however of vital importance in beams ap- 
proximating to rectangular and round sections, and 
in all sections where a great proportion of the metal 
is near the neutral axis. 
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CHAPTER IV. 

LOADS ON BRIDGES, 

We have now gone through nearly all the theory 
which is necessary for the construction of such 
bridges as we propose to deal with ; any other points 
which may appear to require explanation will be 
dealt with as arrived at. 

Loads on Bridges. 

The Dead Load on the main girders of a railway 
bridge may be divided into four divisions : — ist, the 
weight of the main girders themselves ; 2nd, the 
weight of iron or steel floor, including cross-girders 
and longitudinals, if used ; 3rd, the weight of the 
permanent way, made up of rails, chairs, sleepers 
and fastenings ; 4th, weight of ballast, concrete, &c., 
if used. 

In the spans which are now under consideration 
the weight of the main girders is a very small por- 
tion of the total load which the girders have to be 
designed to carry. As the span increases the 
weight of the main girders becomes a larger propor- 
tion of the total weight, but in a 50- foot span for a 
double line, the weight of the main girders would 
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not be more than about 8 per cent, of the total 
weight, and in smaller spans of course a still less 
percentage. 

The following table will give a sufficiently close 
approximation, for purposes of calculation, to the 
weights of main girders of different spans for a 
double line, when the track is carried on a floor 
resting on the flanges of girders. As the weight 
of main girders, as above shown, is a small percent- 
age of the total load, this table may be used for 
either iron or steel, without great error, although 
iron would be a little more, and steel a little less. 



Bridges with Two Main Girders. 



Span in Feet. 




Weight in Cwts. 
per foot run. 


Span in Feet. 




Weight in Cwts 
per foot run. 


20 




3.5 


50 .. 




7'o 


25 




4-0 


55 




7.7 


30 




4-5 


60 




8-5 


35 




5-0 


70 




9-6 


40 




5-6 


80 




IO-8 


45 




6-4 










Bridges with The 


e 

LEE Main Girders. 




Span in Feet. 




Weight in Cwts. 
per foot run. 


Span in Feet. 




Weight in Cwts 
per foot run. 


20 




4-0 


45 


. . 


7*5 


25 




4*7 


50 '.. 


• . 


8-1 


30 




5'5 


55 


. • 


8-7 


35 




6*3 


60 


•. 


9*3 


40 




6-9 









The weight of steel or iron floor, now that so 
many different kinds of floors are in use, varies very 
much, and the weight of the actual floor used for 
any bridge should be worked out before designing 
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the main girders. For a double line with three 
main girders and light troughs it may be as low as 
five cwts. per foot run, and with two main girders 
and heavy troughs it may go up to nearly double this 
amount. 

The weight of permanent way is of course a 
weight easily obtainable for any particular railway, 
varying only a litde as cross-sleeper or longitudinal 
sleeper is used on the bridge. 

The weight of ballast and concrete, if any, varies 
of course with the materials used for these purposes 
in the neighbourhood. In the case of ballast, it will 
be well to allow for ballast when wet, which is very 
much heavier than when dry. 

The Rolling Load in small-span bridges is by far 
the most important element of the total load. The 
first, thing, therefore, in designing bridges for any 
particular railway Is to get all particulars of the 
heaviest engines which are used on this particular 
line, or which may be liable to go over It. The 
engine having the greatest total weight may not be 
that which will impose the greatest stresses on very 
small spans, as an engine whose total weight Is less 
may possibly have a heavier load on its driving 
wheels. However, we can generally decide on one 
engine which we can use for all spans. 

The easiest way now to deal with the weight of 
the engine which we have decided on is to construct 
a table giving the equivalent uniform loads per foot 
run which would produce the same effect for different 
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spans as the maximum effect produced by this engine. 
We can work this table out for spans, increasing by, 
say 3 feet or 5 feet, and then we can interpolate the 
values for the intermediate spans. 

Let us take the heavy tank engine, as shown 
below in Fig. 16, where the weights on the axles are 
respectively 8 tons, 8 tons, 17.5 tons and 17*5 tons, 
and the distances apart of the axles as shown. 



FIG. 16. 



®i 



\ T 






6 







I 



3.e 



7V. 



"1 



If this engine is placed on a 30-foot span, the 
position which gives the maximum bending moment 
is as in Fig. 1 7. 

FIG. 17. 




The diagram of bending moments is shown by 
full lines. If we now draw a circle, shown dotted 
in Fig. 17, passing through the points of support 
and just clearing the diagram of bending moments, 
this circle will be the curve of bending moments for 
a uniform load which will have practically the same 
effect on the girder as the engine load we are con- 
sidering. By this method, the following table gives 



ROLLING LOADS. 



31 



the equivalent uniform load per foot run for each 
track which would produce same effect as the tank 
engine shown above, two such engines being coupled 
together, for the spans above 35 feet. 



Span in Feet 


Equivalent Uniform 
Load per foot run 
in Cwts. 


20 


47-0 


25 


43*8 


30 


41*0 


35 


38-2 


40 


36' I 


45 


34*3 



Span in Feet. 
50 

55 
60 

70 

80 



Equivalent Uniform 

Load per foot run 

in Cwts. 

33'2 
32-9 

32*5 
32*1 

3i'9 



The equivalent uniform loads per foot run, given 
in the above table, refer to calculations as regards 
stresses in both flanges, and webs. 

The distribution of the actual loads which would 
give the maximum shear at any section, would of 
course be quite different from the distribution which 
gives the maximum bending moment, as explained 
in pages 9 and 12. 

Suppose we have a single concentrated load W 
in the centre of a span. The total uniform distributed 
load which would give the same maximum bending 
moment would be 2 W. For the single concentrated 
load W in the centre, the shear close to either abut- 
ment is — ; for the uniform distributed load, the 
2 

shear close to either abutment would be W. There- 
fore, the uniform distributed load, which gives the 
same maximum bending moment as the concentrated 
load in the centre, gives double the shear at either 
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ends of the cross girders, are sufficient for this pur- 
pose. With a continuous floor it is necessary that the 
plating should be really continuous, so as to be able 
to transmit the stresses due to the wind, and that 
it should be well attached to the flanges of the 
main girders. As before stated, the pressure due 
to wind in small spans is very little, although a 
most important element in bridges of large spans. 



D 
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CHAPTER V. 

WORKING STRESSES IN STEEL AND IRON. 

We have now to consider the safe working stresses 
in steel and iron. This is one of the most im- 
portant things to be considered in bridges of this 
class, as on the stress which is allowed depends the 
strength of the bridge altogether, and the fact that 
the great majority of railway bridges are small-span 
plate girders makes it all the more important. The 
Board of Trade requirements are that the maximum 
stress per square inch caused by the combined rolling 
and dead load shall not exceed 6i tons in steel and 
5 tons in iron. This rule pays no attention to the 
ratio of the dead load to the live load, which is 
most important in bridges of the class we are 
considering. 

If the Board of Trade rule for steel bridges was 
uniformly adopted for all spans, we might have in 
the case of the flanges of the main girders of a bridge 
of 20 feet span, the stress due to the dead load one 
ton per square inch, and that due to the live load 
5^ tons per square inch. The ran^e of stress would, 
therefore, be 5^ tons, assuming that the stress due 
to the live load was exactly that due to the weights 
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shown to be on the axles of the locomotive when on 
the weighbridge. In the case of the flanges of the 
main girders of a bridge of 200 feet span, we might 
have the stress due to the dead load 3i tons per 
square inch, and that due to the live load a similar 
amount. The range of stress in this case would, 
therefore, be 3^ tons per square inch. Now from 
experiments made by many engineers, it has been 
found out that the range of stress is one of the 
principal points which determine the life of steel 
and iron structures, so that if the range of stress is 
small a large unit strain may be adopted. From 
this reason alone, therefore, if 6^ tons per square 
inch on steel would be a proper stress to adopt for 
the flanges of the main girders for a 200-foot span, 
it would evidently be an excessive stress for those 
of a girder of 20 feet span. In addition to this, in 
small-span bridges, the lurching and jumping of a 
locomotive due to the permanent way not being in 
good condition, or from other causes, may seriously 
increase the stresses in the main girders, while in 
large spans the increase in stresses in main girders 
due to this cause may be almost neglected, although 
of course, provision must be made for it in whatever 
type of floor may be adopted for the bridge. 

For steel structures we may, therefore, take as the 
allowable tensile stress per square inch on net section 
for main girders, 4^ tons for 20-foot spans and under, 
5 tons for 30-foot spans, and 5^ tons for 80-foot 
spans, the stresses for intermediate spans being 

D 2 
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•ji o po m onai. and no tensile sirc^ on cross-^Trders 
or rail-bearers erceediii^ -l^ 3ms per square inch. 
Toe :x>rrespondin5 jo mpiesa ve strains may be 
3^ ronsw 4^ txms and 4^ ^^™s P^^r square inch on 
gross section, provided that in the case of com- 
pression rianges diere is eirfiar ample width of flange 
or rhac dxey are braced ro reast budding, and that in 
thin wide rianges they are propoiy stiffened at the 
edges bv an^e bars or in odia: wavs. 

The shearing stresses on rivets should be about 
two-thirds» and the bearing stresses about one and a 
half times the corresponding tensile stresses. 

For iron structures we may take the working 
stresses at 20 per cent, below those given for steel. 
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CHAPTER VI. 

MATERIALS. 

Though a few bridges are still made of wrought 
iron, the majority of those now erected are made of 
steel. We shall therefore make a few remarks on 
this metal first. 

The following are the conditions which good 
bridge material ought to satisfy. 

Steel. 

The steel must be made by the open-hearth pro- 
cess. Strips cut lengthwise or crosswise shall have 
an ultimate tensile strength of not less than 28 tons, 
and not more than 32 tons per square inch of sec- 
tion, with an elongation of 20 per cent, in 8 inches ; 
and when heated uniformly to a low cherry-red and 
cooled in water of 82° F., strips i\ inches wide 
must stand bending double to a curve, of which the 
inner radius is one and a half times the thickness of 
the plate. No work ought to be done on any of 
the material after it has cooled down to the condition 
known as ** blue heat," which is about from 400° F. 
to 600° F., and any steel which has been smithed or 
bent should be subsequently annealed. Rivet steel 
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is a softer steel, and ought to stand a tensile stress 
of not less than 26 tons and not more than 28 tons, 
with an elongation of 25 per cent, in 8 inches. 

Wrought Iron. 

Wrought iron must have a minimum ultimate 
strength of 2 1 tons per square inch of section, and an 
elongation of 8 per cent, in 8 inches with the grain, 
and a minimum ultimate strength of 18 tons and 
3 per cent, elongation across the grain. Rivet iron 
ought to stand a tensile stress of 23 tons per square 
inch, with an elongation of 20 per cent in 8 inches. 

All ironwork to be rolled perfectly smooth with- 
out blisters or other imperfections. 

General Conditions of Steel and Iron. 

The ends and edges of all plates (except where 
rolled edge plates are used) shall be planed, and 
must butt perfectly true, and angles and tees must 
be either sawn at the ends, or be neatly finished off 
after being smithed. All rivet-holes must be drilled, 
and the rivet-holes in adjacent plates and bars must 
come opposite each other without distressing the 
plates and bars with drifting. The work ought to be 
erected and put together in the manufacturer's yard, 
and all the parts properly fitted together before re- 
moval to site of erection. Each main girder for bridges 
up to 40 feet span, or even more, is often riveted com- 
pletely together in the yard, and then taken in one 
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piece to the site ; this saves something on riveting, 
as of course it can be done cheaper in the yard than 
by sending out men to do it at the site. When the 
girders are erected in the yard they ought to be put 
together with their proper camber. 

In designing small bridges, all smith's work 
should be reduced to a minimum, and no welding 
should be allowed. Small angles and tees with 
joggled ends, such as for stiffness in small girders, 
can generally be avoided by packings. Rivets 
should have large cup heads, and should be concen- 
tric with the holes, and all the work should be well 
bolted up with long spanners in front of the riveting. 
It will not do to bolt up a certain length, and then 
rivet that length ; the bolts ought always to be 
tightened up just in front of the riveting, as the 
process of riveting in drawing the plates together, 
particularly in hydraulic riveting, loosens the bolts 
in front of it. Bad bolting up is one of the most 
fruitful causes of loose rivets. 

In designing bridges, have as few different sec- 
tions as possible. It may seem unnecessary to say 
that care must be taken in the drawings, not to 
show rivets where there is not sufficient room to put 
them in, as well as to snap them. All iron and 
steel should be tested at the works where rolled. 

After the work is erected in the manufacturer s 
yard all the pieces should be carefully marked so as 
to facilitate erection at the site. 

After temporary erection, the bridge, after being 
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well scraped to get rid of all rust, should receive 
two coats of best lead or oxide paint, and when per- 
manently erected two more coats. Some parts of 
the bridge from which water may possibly be some 
time in getting away are often covered with pitch and 
tar instead of paint. 



4t 



CHAPTER VII. 

KINDS OF BRIDGES, 

In plate-girder bridges for a double line up to 40 
feet, and sometimes even for larger spans, the 
usual type of bridge now adopted is that of three 
main girders with trough floors. This is more par- 
ticularly the case when the headway is limited, as 
then with three girders a comparatively shallow 
transverse trough resting on the bottom booms of 
the main girders is sufficient to take the traffic of 
each line of rails. When more head-room is avail- 
able, an excellent bridge is formed with three main 
girders and cross girders with light longitudinal 
troughs. It is evident that for spans up to 40 or 50 
feet a saving will always be effected by using three 
main girders in preference to two, as although the 
total weight of the main girders is increased, there 
is more than a corresponding diminution in the 
weight of the floor. Beyond these spans it will 
generally be more advantageous to use only two 
main girders with either transverse trough flooring, 
or with cross girders and longitudinal troughs, or 
with cross girders and rail-bearers and plate floor. 
It must be remembered that in using three main 
girders the width of the bridge will have to be in- 
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creased, if the main girders extend more than 2 feet 
6 inches above rail level. The Board of Trade 
rule is, that ** No standing work (other than a pas- 
senger platform) to be nearer to the side of the 
widest carriage in use on the line than 2 feet 4 
inches, at any point between the level of 2 feet 6 
inches above the rails, and the level of the upper 
parts of the highest carriage doors. This applies to 
all arches, abutments, piers, supports, girders, tun- 
nels, bridges, roofs, walls, posts, tanks, signals, fences 
and other works, and to all projections at the side of 
a railway constructed to any gauge." 

This rule also fixes the distance apart of parapets 
on each side of bridge. If we take the width of 
the widest carriage as 8 feet 9 inches, and 2| inches 
as the width of the head of rail, we get the minimum 
distance between parapets as below : — 

ft. in. 
2 4 



From parapet to side of carriage .. 
„ side of carriage to centre of track 
„ centre to centre of tracks . . 
„ centre of track to side of carriage 
„ side of carriage to parapet .. 



Minimum distance apart of parapets 



4 4i 

II 2 

4 4* 

2 4 

24 7 



Very many bridges, however, are made with a 
clear distance of 25 or 26 feet between parapets. 
If the centre girder, however, is higher than 2 feet 
6 inches above rails, these figures are much increased. 
In the country, parapets are generally made 4 feet 
6 inches above rails, and either open or close, but in 
towns they are generally made close, and 6 feet 
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above rails. In long viaducts recesses for plate- 
layers have of course to be provided at intervals. 

In spans of lo to 15 feet, longitudinal troughs 
laid from abutment to abutment are often used with 
a light face girder on each side to finish up the 
troughs, and to carry a light hand-rail. Bridges 
of these spans are also often made with a box trough 
for each rail, and a curved plate floor attached to 
the troughs and face girders. 

Before going further, we should like to make 
some remarks about the trough floors now usually 
adopted, and of which different kinds are shown in 
the plates at end of book. These may be broadly 
divided into transverse troughs and longitudinal 
troughs. We shall first consider the former kind of 
trough. These are either stamped, or built up from 
different sections. Those generally adopted where 
three main girders are used, are stamped by hy- 
draulic power, and those used between two main 
girders are generally built up, as owing to the 
greater depth required, stamping is more difficult. 

With these transverse troughs a great diversity 
of opinion exists as to whether an ordinary ballasted 
road with cross sleepers should be laid, or whether 
the rails should be laid without ballast on longitu- 
dinal timbers resting on the top of the troughs. 

A floor laid without ballaJ has the following 
advantages : — 

1 . There is less dead weight to carry. 

2. The load on the axles of the locomotive is a 
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little better distributed over the troughs than in a 
ballasted road. 

3. Rain-water runs away quicker. 

4. The condition of the floor can be seen easily, 
and it can be painted or tarred as required. 

The principal advantages of a ballasted floor 
are : — ( i ) There is no break in the ordinary per- 
manent way, which is a very great advantage. 
(2) It is not quite so dangerous as a non-ballasted 
floor in the case of a locomotive leaving the track. 

The stresses on these floors ought to be kept 
low, as the range of stress is considerable. A stress 
of 4 tons per square inch is as much as ought to be 
allowed on these floors when constructed in steel, 
and 3^ tons in iron. 

In transverse troughs, the question of the amount 
of load which each trough has to carry is a very 
important one. For instance, suppose that there is 
17*5 tons on an axle which is over the centre of a 
trough, how much of that load comes on that trough, 
and how much is distributed on to adjacent troughs ? 
It is evident that if the axle load was placed on the 
trough, without the intervention of rail or sleeper, 
that the one trough would have to carry almost all 
the load, as the connection between trpughs is not 
stiff enough to allow adjacent troughs to help much. 
When we have a rail between the load and the trough 
the question is, however, quite changed because the 
stiffness of the rail and of longitudinal sleeper (if 
used) comes in. The amount of load which the 
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trough will then have to carry varies inversely as the 
stiffness of rail and longitudinal sleeper, and directly 
as the stiffness of the trough itself. The rail and 
sleeper, therefore, distribute the load over adjacent 
troughs. The amount of this distribution will vary 
with each kind of rail and trough, and depends a 
good deal on the state of the permanent way. 

Not very much has been written on the subject 
of this distribution, probably because it is rather 
indefinite, but many engineers assume that with 
cross sleepers the load is distributed over three 
sleepers, and it can be proved, that with a locomo- 
tive on a transverse trough floor with longitudinal 
sleepers and troughs of 2 feet pitch, that not more 
than about three-tenths of the load on one axle can 
come on any trough even in the worse case, and in 
the case of a transverse ballasted trough floor, with 
troughs of I foot 8 inches pitch, not more than about 
seven-twentieths of the weight on one axle can come 
on a single trough. We have, therefore, assumed 
for the bridges which are to be afterwards considered 
that half the load on one axle is the maximum that 
need ever be provided for in one trough, when the 
pitch of the trough is not less than 2 feet or more 
than 2 feet 4 inches, and this assumption will pro- 
bably in most cases be above what actually takes 
place. 

We ought, however, though making the assump- 
tion, not to lose sight of the fact, as stated already, 
that the distribution varies with each kind of rail and 
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trough used, and is evidently better with longitudinal 
than with cross sleepers. 

It might be well to draw attention here to the 
necessity of keeping the permanent way in the best 
possible condition over bridges, and particularly to the 
necessity of the rail joints being well looked after. 

When a ballasted floor with transverse troughs 
is adopted, the ballast is usually spread so that there 
shall be a minimum of 3 inches of ballast between 
the top of the trough and the bottom of the sleeper. 
Some bridges, when the headroom is extremely 
limited, have the sleepers laid in the troughs with 
about 3 inches of ballast between the bottom of the 
trough and the bottom of the sleeper. By this means 
about 8 or 9 inches can be saved in headway, but 
unless absolutely necessary this method ought not 
to be adopted, as if there is any defect in the 
drainage of the troughs the sleepers rot quickly, and 
they are also more difficult to renew, as they cannot 
be drawn out sideways, so that a rail has to be lifted 
to get the sleeper in or out. 

One of the greatest difficulties with transverse 
trough floors is to make them watertight at their 
junction with the main girders. Their drainage is 
generally provided for by a hole through the bottom 
of the trough near the central girder, from which the 
water is taken in a small water channel fixed under- 
neath the troughs for the whole length of the bridge 
to a down-pipe at the abutment. The central 
girder is generally bedded an inch lower than the 
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side ones to allow the water to drain to the holes in 
the troughs. Some transverse floors, particularly 
Hobson's flooring (Plate III. Fig. 'ja)^ are some- 
times levelled up with concrete on which is laid an 
inch or an inch and a half of asphalt over the whole 
floor with a slope toward each abutment where the 
water is collected. If the bridge is on a gradient, 
the slope due to that gradient is generally sufficient 
for the purpose, and the water is then collected at 
one abutment. 

Longitudinal troughs with cross girders are 
possible when headroom is not very limited. As 
the troughs are generally much shallower than 
transverse troughs, the weight of ballast on the 
troughs is not very great. This makes a very good 
type of floor, and the drainage from the troughs can 
easily be run to each abutment by keeping the 
troughs a little high in centre of bridge. A good 
floor and one which until the introduction of trough 
floors was almost universally used, is formed by 
cross girders, rail-bearers and a plate deck with 
sufficient ballast to take the ordinary permanent 
way, but the drainage sometimes presents a little 
difficulty. This kind of floor can also be used with- 
out ballast by laying the rails on longitudinal sleepers 
on top of the rail-bearers. 

We have already referred to four main girders 
in the shape of built-up troughs, one under each 
rail, being used for very small spans ; for larger 
spans, when there is sufficient headroom it will often 
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be found to be economical and convenient to use four 
girders, one under each rail, of ordinary I section, 
with a plate floor attached to the top flanges and to 
a light face girder. 

Two main girders, one under the outside rail 
of each track, with cross girders and rail-bearers to 
carry inner rails, is also an economical bridge when 
there is sufficient headroom. 

The drainage of all these different types of bridges 
is very important. 

In towns, a light sheet-iron floor is often hung 
under the bridge, as an additional precaution, to take 
away drippings from the bridge floor to the sides. 

As a summary of the few preceding pages : — 
When headroom is very limited three main girders, 
with transverse troughs, or four main box troughs 
must be used ; in the majority of cases the former 
class of bridge is preferable. When a little more 
headroom is obtainable, three main girders with cross 
girders, and a floor consisting of either rail-bearers 
and curved plates, or longitudinal troughs, or two 
main girders with transverse troughs, can be used ; in 
this case the three main girders seem preferable 
certainly for spans up to 40 feet. When there is no 
restriction as to headroom a variety of bridges can 
be obtained, and the most economical up to spans of 
30 or 40 feet will probably be that with one main 
girder under each rail. It will be found in many 
cases that local conditions are the principal reasons 
for fixing the type of bridge to adopt. 
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CHAPTER VIII. 

DEPTH OF GIRDERS, 

One of the most important and one of the first points 
in designing a girder is to settle what its depth is to 
be. We know that by increasing the depth of a 
girder we diminish the stress on the flanges, and 
consequently their section may be reduced ; but at 
the same time, we shall probably increase the quantity 
of material in the web, and the weight of stiffeners 
will also be increased. If the cross section of a 
girder at all points could be made exactly pro- 
portional to the stress which it has to stand, it would 
be an easy matter to find out the economical depth. 
This, of course, is impossible in the flanges, as we 
have to deal with plates of uniform rectangular 
section and of certain maximum lengths, and we 
cannot diminish their section to zero at the abut- 
ments. As regards the webs ; in these, plates less 
than f-inch in thickness are seldom used, so that 
we have here a minimum thickness, and we have 
also the extra weight due to the stiffeners. It will, 
therefore, be easily seen that the determination for 
the girders of any bridge of the ratio of depth to 
span so as to have the minimum amount of material 
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in the girder to carry a given load per foot ;iin is 
not a problem of which a theoretical solution can be 
obtained. With heavy loads per foot run it is more 
economical to make girders deeper than would be 
made with light loads per foot run. Local condi- 
tions often fix the depth of girders. Consider the 
case of a bridge of three main girders with a trough 
floor ; if the flanges project more than 2 feet 6 inches 
above rail level, the width of the bridge must be 
materially increased beyond what is necessary when 
they are kept below this level. It will sometimes 
be found, therefore, that it is more economical to 
make the girders shallow rather than increase their 
distance apart. Again, as with three main girders, 
the weight on the centre girder is almost double 
that on each of the side girders ; the economic 
depths ought to be different, but for reasons of con- 
struction they are generally kept the same. In the 
case of three main girders, up to 40 feet span, we 
find that a depth of one-tenth to one-eleventh of the 
span, and with two main girders up to 80 feet span, 
a depth of about one-eighth to one-tenth of the span 
will be the most economical depths, and in the case 
of the former, even with these comparatively shallow 
depths, it will often be found difficult to reduce the 
section of the side girders as low as required. 

The breadth of the flanges is generally governed 
by the width which is considered necessary to pre- 
vent the compression flanges from buckling laterally, 
both flanges being generally made the same width. 
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In spans from 20 feet to 60 feet, the widths may 
vary from 1 2 inches to 2 1 inches, and for spans over 
30 feet angle bars along the outside of the compres 
sion flanges, in addition to those connecting the web 
to the flange, will add to the stiffness. If the com- 
pression flanges are stiffened in other ways, such as 
by a stiff" plate floor on the top flanges, the widths of 
flanges can be made much smaller if necessary. 

Girders are nearly always erected with a camber. 
This is done more for appearance sake than any 
other reason. The amount of camber is generally 
made sufficient to balance any deflection caused by 
the heaviest loads which may come on the girder, 
and any sagging caused by imperfections in work- 
manship. The camber generally given to railway 
plate girders varies from \ inch for 20-foot spans, 
to about 2 inches for 80-foot spans. 
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CHAPTER IX. 

ORDINARY SIZES OF PLATES ASD ANGLE BARS 

IN STEEL AND IRON, 

Plates and bars of ordinary market sections and 
lengths should be used as far as possible, though of 
course sometimes a saving may be obtained by pay- 
ing extra for special sizes to do away with covers, 
or for other reasons. 

It is well to remember that the difficulty of 
handling very thin plates of large area is often a 
reason for using such plates in smaller sizes than 
would be used with thicker plates. 

Steel. 

The following table gives the maximum dimen- 
sions up to which steel plates can be obtained from 
one of the best Scotch makers without extras. 





1 i in. and 
1 under -f^ in. 

ft. in. 


' ^ in. and 
under | in. 


1 in. and 

' under ^ in. 


i^m.and 
imderim. 


i in- and 
nDder^in. 




ft in. 


h. in. 


ft. in. 


ft in. 


Length 


20 O 


23 O 


1 26 


29 


32 


Width 


4 6 


5 o 


\ 5 6 


5 10 


6 2 


Weight . 


. ■ 7 cwt. 


lo cwt. 


I 13 cwt. 

1 


17 cwt. 


21 cwt. 





u^d'STi^ 


linduHn. 


underVio. 


I in. and 

nnda- . m. 


und^^'iin. 


Length ., 
Width .. 
Weight .. 


ft. in. 

6 6 

26 cwt. 


ft. in. 

3S o 
7 o 
32 cwt. 


It. In. 

35 o 
7 
40 cwt. 


ft. in. 

35 

7 

45 cwt. 


ft. in. 

35 

7 
50 cwt. 



From this table, for plates of a certain thickness, if 
the width of a plate is fixed we can immediately find 
out from the maximum weight what the maximum 
length of plate, and if the length is fixed we can find 
the maximum width, which can be obtained without 
extras. By payment of extra charges these lengths 
and widths can be increased, the extra for length 
being 55. per ton for every 5 feet, or part of 5 feet, 
over lengths given in table, and for width 55. per 
ton for every 3 inches or part over widths given in 
table. There is generally an extra charge for plates 
under 12 inches wide, and some makers make an 
extra charge for plates under -I Inch thick. By 
special arrangements plates of almost any required 
size can be obtained. 

Plates with rolled edges, which obviate the 
necessity of planing the edges, are rolled by one or 
two makers up to about 30 Inches wide. The extra 
charged for these plates is about 5^. a ton, when the 
plates are not below ^ inch, or above f inch in 
thickness. 

Angle bars under 1 1 united inches, and over 6 
united inches, and In lengths up to about 50 or 60 
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feet, can be obtained, without extra, of all ordinary 
thicknesses ; above 1 1 united inches, the extra is 55. 
per ton per inch, and below 6 united inches, ids. per 
ton per half inch. T bars can be obtained without 
extras between 6 and 10 united inches, and for 
about the same lengths as angle bars. 

It will be well to remember that these extras are 
liable to slight alterations from time to time, and in 
different districts ; and there are also some slight 
differences in the extras charged by different makers. 
For very large orders a certain quantity of plates 
and bars of extra dimensions can generally be 
obtained at ordinary rates. The figures above given 
all refer to the Scotch steel-makers, and the sizes 
and weights of plates and angles rolled free of extras 
by the North of England makers are often not so 
great. 

Iron. 

No plate should exceed 10 cwt. in weight, or 
20 feet in length, and the width should not exceed 
4 feet 6 inches. This applies to all plates from 
1 inch up to I inch in thickness. Extras are charged 
of about \os. per ton for every cwt. over 10 cwt. ; 
2S. 6d, per ton for every foot over 20 feet long, 
and 5^. per ton for every inch over 4 feet 6 inches 
wide. 

Angle and T bars can be obtained from 4 united 
inches to 9 united inches without extra, and from 30 
to 40 feet long. 
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The same remarks as to alterations in extras and 
dimensions will apply to iron as well as to steel, but 
the differences in iron are more marked among dif- 
ferent makers. Some North of England firms roll 
without extras a good deal more liberally than the 
above figures. 



56 



PLATE-GIRDER RAILWAY BRIDGES. 



CHAPTER X. 

JOINTS IN PLATES, ANGLES, ETC. 

Butt joints are almost the only joints which have 
to be dealt with in girder work, and these are made 
either with a single cover, as in Fig. i8, or with 
double covers as in Fig. 19. In the former case the 
rivets are said to be in single shear, as only one sec- 
tion of each rivet would have to shear to cause the 
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joint to fail by shearing of rivets, while in the second 
case each rivet would have to shear at two sections 
to cause failure, and the rivets in this latter case are 
said to be in double shear. For single covers the 
cover is generally the thickness of the plates to be 
united, and for double covers each cover is half the 
thickness of the plates, but both covers are often 
made thicker than this, especially with thin plates. 

As the allowable shearing stress on rivets is only 
two-thirds of the allowable tensile stress on plates, 
angles, &c., the total shearing section of rivets in a 
tension joint ought to be one and a half times the 
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net section of one of the plates to be united. The 
allowable shearing stress on rivets is rather less than 
the allowable compressive stress on plates, angles, 
&c. ; but in work where the ends of the plates are 
planed and butt, which ought to be the case in all 
good girder work, the total shearing area of rivets 
in a compression joint is generally made equal to 
the gross section of one of the plates to be united. 

The bearing area of a rivet, which is the diameter 
of the rivet multiplied by the thickness of one of the 
plates to be united, must also be considered, and the 
stress must not exceed the working stress given pre- 
viously. 

For connecting plates less than half an inch thick, 
rivets of three-quarters of an inch in diameter, and for 
half-inch plates, and those under three-quarters of an 
inch, rivets of seven-eighths of an inch in diameter 
are generally used. 

When rivets of large diameter are used for con- 
necting thin plates, it is difficult to get sufficient 
bearing area without putting in so many rivets that 
shearing stress per square inch is very small. 

The distance between the edges of adjacent rivet- 
holes, or between the edge of a rivet-hole and the 
edge of a plate, should not be less than the diameter 
of the rivet for drilled work, and if the work is 
punched these distances ought to be increased. As 
a general rule in girder work, except with very small 
rivets, it will not be found necessary to pitch rivets 
closer to each other than two and a half inches, 
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centre to centre, and that only in exceptional cases. 
Four-inch centres is the usual pitch for all the 
straight work in girders, and this will generally be 
found sufficient, but of course the correct pitch ought 
always to be worked out, to be sure that it is not 
less than this amount. 
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CHAPTER XL 

THREE MAIN GIRDER BRIDGE. 

We shall now proceed to work out a few examples 
of bridges, such as will be met with in everyday 
work. They shall all be considered as made of 
steel. 

The first we shall take will be a three-girder 
bridge, for a double line of rails of clear span of 30 
feet, the details of which are shown in Plate II., and 
a small general plan of which is shown in Fig. 5 of 
the same Plate. 

This bridge is on a slight skew, and we shall 
give the girders a bearing of 2 feet 6i inches along 
the centre line of the girder. The distance from 
centre to centre of bearings, which will be the effec- 
tive length of the girder for purposes of calculation, 
vjj^y be taken as 32 feet 6 inches. 

Both outside girders are of course comparatively 
lightly loaded, so that it will be economical to make 
the girders rather shallow, and we have therefore 
made the effective depth of all the girders three 
feet. 

The floor will be as shown in Plate II., viz. : — 
transverse troughs with pitch 2 feet 4 inches, total 
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depth 8 inches, and thickness of metal \ inch. The 
floor is unballasted, and longitudinal sleepers are 
used. The parapets will be as shown in Fig. 6 of 
Plate, the distance from outside to outside of side 
girders being 25 feet. The distance of side girders 
from centre girder, centre to centre, will therefore 
be II feet loi inches. 

We shall first consider the strength of the floor, 
and for purposes of calculation will consider the 
troughs as free at the ends. It will be noticed that 
as there is the ordinary six-foot way between the two 
tracks, the lines of rails do not come centrally between 
the outside and inside girders. Taking the weight 
on an axle as 17*5 tons, and assuming as before ex- 
plained that one trough takes half the weight on an 
axle, we have 4*375 tons on each trough under 
each rail as rolling load; if to this we add 0*125 
tons, though rather too much, as the additional 
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weight at each point due to rails, chairs, sleepers 
and fastenings, we have the weights and their posi- 
tions on a trough as given in diagram above. The 
effective span of trough from centre to centre of 
bearings may be taken as 11 feet 6 inches. 
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The reaction at left bearing 



tons 

« 4-5 



(7'-85 + 2''gi) = 4'2i tons. 



ii'5 
The reaction at right bearing 



tons 



= jY^^ (8-59 + 3'65) =4-79 tons. 
The bending moment at A is therefore 

tons 

4" 21 X 3*65 = 15*37 foot-tons. 
The bending moment at B is therefore 

tons 

4*79 X 2*91 = 1 3 ' 94 foot-tons. 



The bending moment at A, at which point the 
maximum bending moment occurs, is therefore the 
only one which need be considered. In addition to 
the bending moment which we have found as above 
we have to add the bending moment at that point 
due to the weight of the trough itself, which we may 
take as o* 75 cwt. per foot run. 

The bending moment at A due to the weight of 
the trough will therefore be 0*21 x 3' 65— 0*13 
X 1*82 tons = o*53 foot-tons. 

The total bending moment at A is therefore : 
i5'37 + o'53 = 15*90 foot-tons = igo'So inch- 
tons. 

The moment of resistance of this section of 
trough has been worked out in the manner previ- 
ously explained, and found to be 52*0, taking the 
inch as unit. 
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We shall therefore make the flange up as below 
at centre. 



2 angles, 4i" x 4i" x f" 
I plate, 1 6" X J" .. . 
I plate, 1 6" X i" .. . 



Net Area. 
Square inches. 

= 9*2 

= 7*o 
= 7'o 



23-2 



In each angle one rivet-hole, and in each plate 
two rivet-holes are subtracted. Each rivet-hole for 
a l^-inch rivet is taken as one inch diameter. The 
angles are made large, so as to give a good bearing 
for troughs, and to diminish any racking action in 
bottom boom owing to connection with troughs. 



FIG. 21. 
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FIG. 22. 
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The gross area of the top or compression flange 

at centre must not be less than = 26-1 square 

4'25 

inches. 

We shall make this flange up as below : — 

Gross Area. 

Square inches. 

=6-5 

=6-5 

I plate, 16" X r =8-o 

=8-o 



2 angles, 3i" X 3i" X i 
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In both flanges we have a little more section 
than is absolutely necessary. 

In the bottom flange the two angles and one 
plate must of course extend for the whole length of 
the girder, but the second plate can be cut short. 
The simplest way of finding out the point at which 
the plate can be cut off is shown in Fig. 7, Plate II. 

Let a, b, be the effective span, viz. 32 feet 
6 inches to a scale of two feet to the inch, and c, d, be 
the total span. Erect a perpendicular at the centre, 
and lay off on it lengths on some scale equal to the 
areas of the different angles and plates of which 
the flange is made up. The scale we have taken is 
40 square inches, equal to one inch. The different 
steps are clearly shown in the figure. Then lay off 
on the same perpendicular, and to the same scale, 
the total area required at the centre, viz, 26*1 square 
inches, which is represented by the length 0, e. 
Through the points a, e, b, describe a parabola, and 
the curve will give the area required at each point 
of the flange, and therefore gives us the point at 
which we can cut off the outside plate. As the 
scales have been taken so that 0, e, is less than one- 
tenth of a, b, we have described a circle instead 
of a parabola. In the figure it will be seen that 
the length of outside plate necessary scales 17 feet 
2 inches, but it will be noticed that it is actually made 
longer. The reason of this is that the ends of the 
plate are prolonged to form a cover for the joints in 
the plate next the angles. This will be referred to 



later or\. A =;i^'»iikr ^'vn5;t^l^tio^ is shown for tire 

I'he ma.<in*Tf-*"; 5h<^;%r ^n :he -.v^ w'il be ar tdie 
alMitmf^nt, an-'I -r:;'. th»^r*tt-,r* ':>t ':;iif trie totatl 



'^ 



I he (If* pth ^/f TT^:'/ ;:; :/, ir.'ih.es. fn>m wliidi we 
i^nisl subtract inrh*^^ for riv'rt-rjoles, leaving a net 
\iepth nf V' inch'^j?. 

Vho alliiwaliln f;h^arinjj stress per square inch is 
ji tons, \\p, thorrforn rrf|uirn 12*3 square inches of 
net aiva. \\V' shall thrrrforc: make the web ^ inch 
thick ihn^Tghnut, which ^ivcs a net shearing area of 
1 5 square in< ho^. 

We ha\e now settled the sections of flange 
plates anri weh ]>1atr%. The usual pitch of rivets 
eonn+N'tinj; thr wrh to the llaniyc is 4 inches, and 
we shall try it that is vuftiriont in the present case. 

iMve take the total stress in the flange at any 
t\x'o poinN. any rlistanee apart, the amount of the 
i^rrea<ie ot sfrf»»;v in the flanpfc bcti^^een the two 
•-^rv-i-ir^ nMT^l he tran*;mitted throujjh the rivets con- 
•^f^rr-r?^ th« anv^h^ hai-s of the flange to the web 
Kc^,:^p,- x)r\e^< fv^if^N We can thus find out the 
sh^^ri.* r^r th< r:v«^N eonneetinc; the flange to the web. 
T' r*"« r^<i oi phtf yirrlers with horizontal flanges 
th. <:h*i:: - k pp*.il\ oKtained from the fact that the 
V:r.»--vontr-, cKp;^j- pr, foot run al any point between 
Th T»-"r' a'^' r^( fUnfff i^ e<-|ua] to the vertical shear 
7»f fo*-.: ru: »' th( welt at the same point. This 
mav be nroveii :iv follow^ • 
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In Fig. 23 we have a girder supported at both 
ends. Take a section distant x from the left abut- 
ment, and let the reaction at the left abutment be 
Ri and let the weights between the left abutment 

FIG. 23. 
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and the section distant x from the abutment be Wi, 
W2, W3, &c., at the distances shown. 

The bending moment at :r = Ri^r — Wi {x — a^ 

— Wa (;i: — ^2) — &c. = Ml. 

Take another section distant x^ from the left 
abutment beyond Xy and infinitely close to x, then, 
The bending moment at x^ = Ri ^tj — Wi {x^ — a^ 

— W2 {xi - ^2) — &c. = M2. 

Now if ^ be the depth of the girder, and if the 
direct flange strains due to Mi and M2 be denoted 
by Ti and T2, then, 

ft 

T _ Ri -^ ~ ^1 (^ "" ^1) ■" W2 {x — ^2) — &C. 
li- ^ , 

and 
q^ _ Ri ^1 — Wj (^ITi — ^1) — W2 (X i — <7 2) — &c. 

The horizontal shear between x and Xi = T2 

— Ti, and 

rp x — ^1 (^i""-^) "" Wi (:ri— ^)— W2 (xi'-x) - &c. 

1,-1. ^^ 

_(x^- x) (Ri - Wi - W, - &c.) 



F 2 
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effective shearing area. The shearing stress per 
square inch is therefore — -r = 3 ' 4 tons, which is an 

allowable stress to adopt. 

The bearing area of the rivets' for a length of 
one foot is 3 X 1^ in. x ^ in. = i '32 square inches ; 

the bearing stress per square inch is therefore -^^ 

= 9 • 3 tons per square inch. 

This stress is rather excessive, and it will there- 
fore be better to increase the diameter of the rivets 
for 6 feet at each end of the girder to i inch, 
which reduces the bearing stress to 8 tons per square 
inch. 

In the case of a comparatively shallow girder, 
heavily loaded, of which the girder we are con- 
sidering is a good example, there is nearly always 
a difficulty about the rivets connecting the web to 
the flange near the abutments. With the ordinary 
f-inch diameter rivets and 4-inch pitch, the bearing 
area is nearly always deficient, and the shearing area 
very often is so. To overcome this, the pitch of the 
riveting can be diminished, or the size of the rivets 
increased for a short distance near the abutment. 
The former is the better method, but with a trough 
floor it is difficult to alter the pitch in the bottom 
flange, and in this case we have, therefore, increased 
the diameter of the rivets. Of course, other ways 
in which the bearing area can be increased are to 
increase the thickness of the web to 4 inch near 
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the abutment, or to increase the depth of the girder 
Itself. 

We shall now go back to the outside girders, and 
the covers and details of these and the centre girder 
can be considered together afterwards. 

The total distributed load on an outside girder 
(Plate II. Fig. i) will be made up as follows : — 



Main girder 


Tons. 

.. 3*5 


Permanent way, i' 5" x 32' 6" x 5-4- 


1*2 


7 
Troughs, 32' 6" X - cwt 


2*9 


Rolling load, 40 cwt. x ^-7- 


.. 30-4 



38-0 
The bending moment at centre will be 



tons 



38*0 X 32-5 c ^^ 

^ Q-^ — ^ =154 foot-tons. 

o 

The total stress in either flange at centre will 
be — ^- =51*4 tons. 

The net area of the bottom or tension flange at 

centre must not be less than -^ — ^ = i o • 3 square 

inches. 

We shall therefore make this flange up at centre, 
as shown in Fig. 24, viz. : 

Square Inches. 

2 angles, 4V' x 4i" x \" =7*5 

I plate, 15" X i" = 6-5 

Total .. .. 14*0 
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The gros^ area of the top or compression flange 

at centre must therefore not be less than ^ — - = 1 2 • i 

4*25 
square inches. 

FIG. 25. 











We shall therefore make this flange up at centre 
as shown in Fig. 25, viz. : 

Gross. 
Square Inches. 

2 angles, 3i" x 3^" x J" = 6*5 



I plate, 15" X J" 



= 7-5 
14*0 



In the case of the outside girder the section will 
be continuous all through. 

It will be noticed that in this girder the section 
is rather heavier than necessary, particularly in the 
bottom flange. This is due to the heavy angles in 
the bottom flange, and to the desire of not putting 
less than ^inch thick plates in the flanges, when 
each flange has only one plate. 

The shear at abutment is 19 tons, and we shall 

therefore require _ ? = 5 • 7 square inches net sec- 
tion of web. With a f-inch web, our minimum 
thickness of web, we shall have 1 1 square inches. 

The rivets connecting web to flange angles are 
evidently ample. 

We shall now consider what covers are necessary 
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and what lengths of flange plates and web plates we 
shall adopt. 

We shall deal with the central girder first. 

We have already seen that as regards the top 
flange we might cut off the outside plate at 7 feet 
3 inches on each side of the centre ; but we have 
prolonged it on each side beyond this distance so as 
to act as covers for joints in the inner plate. The 
joint in the inner plate must come between two rows 
of rivets, and it will be seen that the riveting is 
arranged so that the rows of riveting are multiples 
of 4 inches from the centres of the stiffeners, and 
therefore in this particular case from the centre of 
the girder. The joint in the inner plate must there- 
fore be at a distance from the centre which will be 
a multiple of 4 inches plus 2 inches. We shall 
therefore make it at a distance of 7 feet 6 inches on 
each side from the centre. Now we want to find out 
how far the outer plate must extend beyond the 
joint so as to have sufficient rivets to transmit the 
stress across the joint. 

We have already shown (p. 57) that, for a 
compression flange, the total area of the rivets 
necessary to make up the section of the plate must 
be equal to the gross section of the plate. The 
gross section of a 1 6-inch by ^inch plate is 8 square 
inches, and the area of a -J-inch diameter rivet is 
0*6 square inch; therefore, the number of rivets 
required is 8-r-0'6= 14 rivets. The outer plate 
will therefore extend, as shown, i foot 4 inches 
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beyond the joint in the inner plate, and the whole 
length of the outer plate will therefore be 1 7 feet 
8 inches. 

For the bottom flange the joint is very similar. 
In a tension flange, so as to avoid loss of section 
owing to rivet-holes, four rivets are not put in a row 
as in a compression flange, but are arranged as shown. 
The joint is therefore generally made through the 
row of rivets in the angle bars, and will therefore be 
a multiple of 4 inches from the centre. We shall 
therefore make the joint in the inner plate at a 
distance of 8 feet 8 inches, on each side from the 
centre. 

We have already shown (p. 56) that, for a 
cover for a tension flange, the total area of rivets 
necessary to take up the section of the plate must 
be equal to one and a half times the net area of the 
plate. The net area of the 1 6-inch by ^-inch plate 
is 7 square inches, therefore the number of rivets 
required is (7 x i\) -r- o'6 = 18 rivets. This 
number of rivets will necessitate a lap of 1 foot 
10 inches of the outer plate, and the total length of 
the outer plate will therefore be 2 1 feet. 

As regards the web we shall make a joint of 
7 feet on each side of centre at the T stiffeners, and 
we must therefore find out the maximum shear on 
the web at this point. The simplest way to do this 
has already been explained (p. 15), and is now 
shown in Fig. 8, Plate II. A B is the effective span, 
viz. 32 feet 6 inches to a scale of half inch to the 
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foot. A D is rxe ngTr i imiTx soear st tfre abcitiiient» 
due to the liTje LcslL m x szaie 'it zc tDos to the 
inch, and is ct ccurse -iirusl in ialf ^^^ Ir¥e load, or 
34*6 tons. A E is rie TTaVmuftt ssnesr at die abut- 
ment due to the ieiiti irsii* ^ ihe ^gjrTT^ scale^ and 
is equal to 6 * 4. :i::n& J :iir E z: the centre Q and 
through D draw i rarsccLi. cr r: this case a circle, 
touching A B it B. F cr die half of rfie girder to 
the left of the centre the cnfrsirES between C E and 
D B gi\"e the maxiritm shesrs at each point. The 
maximum sheir. thereDcce. ar a dstance 7 feet firom 
the centre, is F H. wh5ch scales 20 toos^ The joint 
is covered by |-inch covers and T bars on each side, 
the section of which is of cocrse much greater than 
that of the web. The allowable shearing stress on 
rivets is 3^ tons per square inch, and the shearing area 
of rivets required is therefore 20 -r- 3^ = 6 inches. 
With |-inch diameter rivets, this requires 15 rivets. 
The actual number of rivets in the joint as drawn is 1 2 
(not counting the rivets in horizontal angle bars) and 
they are all in double shear, and therefore equivalent 
to 24 rivets in single shear, and the mmiber of rivets 
in the joint is therefore sufficient as r^ards shearing 
area. 

As regards bearing area, the bearing area of the 
1 2 rivets is 12 x ^ x ^ = 4.'^ square inches, and 

20 
tlu! bearing stress per square inch is — =4*5 tons, 

4'5 
which is very moderate. The joint is therefore 

amply strong in every particular. 
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For the outside girders it will not be necessary 
to go through the calculations for covers and lengths 
of plates, a.s the work would be similar to that already 
done for the central girder. It must be remembered 
that the positions of stiffeners and rivets in the outer 
girder really depend on the central girder, as they 
must fit in with positions of troughs which are fixed 
on the central girder. 

On account of the skew of the bridge, the ends 
of an outer girder will not be similar as regards 
stiffeners and riveting. The two outer girders are, 
however, similar to each other, but their corre- 
sponding ends are reversed in position. 

The top flange plate is made in two lengths. 
The lengths are made different so that the cover 
may not come where there is a slight difference in 
the ordinary run of riveting owing to the stiffeners. 
The bottom flange plate is jointed as in the central 
girder. The joint in the web is rather stronger than 
necessary, but it is more satisfactory to put in plate 
covers in addition to the T bars than to trust to 
the T bars alone. 

It will be noticed that the ends of the central 
girder are rounded off. This is generally done, and 
the ends of the outside girders are sometimes rounded 
too. 

All the lengths of angle bars in the girder can 
easily be obtained in one length, but in the case of 
those rounded off at the ends it will be better to cut 
them near the ends and put on covers, as the bending 
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of a bar of this length at both ends is an awkward 
job. The covers for these angles are not shown in 
the general elevation of the girder, but are shown in 
Fig. ID, Plate II. The angles connecting the web 
to the flange are fully covered by double covers, but 
the outer angles are not fully covered, as we have 
much greater section of flange near the abutment 
than is absolutely necessary. 

Each girder has a |-inch bearing plate at the 
abutments, riveted to the underside of the bottom 
flange with countersunk rivets. The bearing plates 
for the centre and side girders differ slightly so as to 
fit in with the riveting. As a general rule it is not 
necessary to use cast-iron bed plates for spans under 
40 or 50 feet, and in the present case the girder will 
rest directly on a smooth dressed hard stone. The 
maximum pressure on this stone at the ends of the 
central girder will not be more than about 16 tons 
per square foot, which is well within what may be put 
on most stones. If the bridge is on an incline the 
girders ought to be fixed to the masonry of the abut- 
ments at one end by means of holding-down bolts 
7 or 8 feet long, built into the masonry with cast- 
iron anchor plates at their end, and coming up 
through holes in the bed stone. 

As regards the positions and number of stiffeners 
necessary, of which as yet we have said nothing ; a 
very simple plan is given by Rankine for determining 
these, based on the strength of the web to resist 
buckling treated as a column. 
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The author is of opinion, however, that stiffeners 
are generally put in without making any such calcu- 
lations, their positions and number being based on 
previous experience. They are very seldom, except 
in girders of very short span, put more than 6 or 7 feet 
apart, and are of course much closer near the abut- 
ments than the centre. They have often to be fixed 
at certain distances on account of certain disposi- 
tions of troughs or cross girders. The web over the 
bearing at the abutment should be well stiffened 
with plate stiffeners, which also prevent any bending 
of the edge of the bearing plate and flange. Plate 
stiffeners in other parts of the girder, in addition to 
stiffening the web, are also useful as stiffening to a 
small extent the compression flange. 

We have shown the troughs as resting on the 
angles of the bottom booms of the main girders to 
which they are riveted, and they are fixed on top 
by the stiffeners and by the longitudinal angles 
riveted to the web. These latter angles are often 
cut up into short lengths and the end of each trough 
fixed by small separate pieces of angles. This 
method, however, is not as good as using long 
lengths, as these short lengths tend to rack the web 
of the main girders locally. The continuous bars 
have, however, for purposes of erection, often to be 
cut into shorter lengths to facilitate getting the 
troughs into position. Two or three sections of 
troughs are often riveted together before being 
brought to site of erection to save outside riveting. 



I 
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Packings between the troughs ami the top ax^es 
give a httle more room for moving the ir uughs into 
position, and are shown in the drawings of this 
bridge. The ends of troughs resting on tiie abut- 
jnents can be built up solid under the ffute wirii 
t)rickwork or concrete. 

In the bridge we are considering die skew is 
^US^^ and we have ther^bre considered tiiat tiiere 
iff ^^ eduction in the load on the main girders due 
^ this cause. Widi large skews* however, tiiere 
^1 be a very considerable reduction in tiiis respect, 
^ ^ number of the troughs would be resting on the 
abutment at one of dieir ends. 

The drainage of the floor is taken by gutters on 
each side of the central girder, which is bedded 
I inch lower than the side girders to give water a 
lead to the gutters. 

Fig. I, Plate III., shows a cross section of a 

similar bridge but with a ballasted floor. There is 

also a slight alteration in the flooring itself which is 

made of a patent cambered trough which has many 

advantages over the ordinary troughs. Owing to 

the increased depth in the centre, the trough is 

stronger just where the extra strength is required, 

and the rain water is all drained to the centre of the 

trough away from the main girders. There is the 

one disadvantage of having a hole in the tension 

Iknge at its centre, but this is made elongated so as 

to lose as litde section as possible, and whatever is 

^^t b more than compensated for by other advan- 
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tages. The gutter is fastened to the bottom of the 
trough by twisted hangers coming through the 
elongated hole, thus doing away with riveting it, or 
hangers to the bottom of the troughs. 

This cambered flooring can of course also be 
used with advantage for non-ballasted bridges. 

An open parapet is shown and is made 4 feet 
6 inches above rail-level. This height of parapet is 
not absolutely required by law except in viaducts. 

Fig. 2, Plate III., shows a cross section of a 
bridge with three main girders and a floor consisting 
of cross girders and light longitudinal troughs. The 
permanent way is laid in ballast with a minimum of 
3 inches between the top of the troughs and the 
bottom of the sleepers. 

The troughs are made in sections consisting of 
two flutes, and the sections are connected together 
by |-inch covers. The troughs are 4J inches deep, 
of "l-inch metal, and i foot 4 inches pitch as shown. 
They can be obtained 30 feet long, and if longer 
lengths are required they can be jointed on a cross 
girder, and bent cover plates used. The cross 
girders are spaced 7 feet apart. The moment of 
resistance of one trough without cover plate is about 
II '30 in inch units, and with cover about 12 'go; 
the average of the two will be 1 2 • 10, If we assume 
that the load is distributed over seven troughs, the 
moment of resistance of the seven will be about 
84 ■ 7, being a little more or less, as there are three 
or four troughs, with or without covers. 
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^be maxiimim noilix^ IoskI between two crass 

gird^^ ^^ ^ ^T'5 tDns. aid if we assume diat 

half ^^ ^^ ^ t xansrmrte d by chib sieepex; and one- 

quart:*^^ ^Y each arfjarrrrr sieepen the bending 

motn^^^ on die trough at die rmtre, takingr die 

at 2 fe^ 6 inches centres, will bc^ 




-^ X 42 — — ^— ^ X 30 = 236 

Th^ dead load betweffli two cross 
cirders is about 2 tons, and die beiding 

moment due to diis wiE be — ^-^ = 16 



Therefore the total bending moment is 252 
Dividing diis by the moment of resistance of 



'^T'y 



the seven troughs, we get ^^ = 3 tons as the 

maximum stress per square inch on the troughs. 
This floor, including cross girders, is about the same 
Aveight as the floors already considered, but of 
course requires a little more headroom. 

Figs. 3, 4 and 5 in Plate III. are cross sections 
of bridges which it has been found useful to adopt 

in certain cases. 

I'ie. 3 shows a cross section and part longi- 
tudinal elevation of a three-girder bridge where the 
headroom has been very limited. The sleepers 
ivrc laid in the troughs and packed with ballast. 
This class of floor would of course only be used 
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under exceptional conditions, and is given more as a 
type to avoid than to adopt. 

Fig, 4 shows a cross section of a bridge for 
spans of between 12 and 20 feet. Each rail is 
carried on a longitudinal sleeper laid in a trough, 
and a plate floor is riveted to the tops of the troughs 
and to a light parapet girder. This type is useful 
when headroom is limited, and this floor of four 
trough and longitudinal sleepers is often used for 
viaducts of a number of spans, the troughs acting as 
rail -bearers. 

Fig. 5 shows a cross section of a bridge with 
two main girders and transverse troughs, A cross 
section of the troughs is also given. The rails are 
laid on longitudinal sleepers fastened by short 
lengths of angle iron to the top of the troughs. 

Fig. 6 is a cross section of a bridge of about 
20 feet span with four main girders and a light 
parapet girder. Cross sleepers laid on a minimum 
of 3 inches of ballast are shown, but without ballast 
longitudinal sleepers fastened to the top of the main 
girders are often adopted. The ends of the main 
girders fit into recesses left in the masonry of the 
abutments. When this type of bridge is adopted 
for larger spans, the main girders are braced 
together by frames of diagonal and horizontal 
bracing at intervals. 

Fig. 7 shows cross sections of various troughs 
which have been adopted and which can be obtained 
in various depths and of different widths of flutes. 






Gt imer^nr msksrs. r^f^ncsL :irEr iiiics in siiSma 
taa dicse shcwTi iisv?^ lesi irr-i;r":i: icn inc ^ni Iut\*e 

trr:uci 5cf:niiif -vnii irzr^ft rusiii ^Trritss zisc sarva 
in zrici^ in Plaie IIZ iF^ . 5 imbsbi^ ineittne 
chesries: mii nicsc ^cerr ^L'«jr=^ ma ir JLiiigTTiniasI 
tr:iici iccrrni^ Tnii rr:*^ caries trrsE ^cwn: in 
Fig. 2, rlacs III -\>I ne zmi:^^ ihcwa: sr^ :3ed 
enenaveiy ir ^ans iniitsr rr ijt^ Ttifnnir inr aiain 
gxcers. rie :r'::ii:c'::s rein-^ iaiti linn^^nninmnly trom 
abueneni: ij ijunnem: ii:d i iim: oansne: ;jxvier 
adcccsd. 

Tze Trirrcniral rcincs x i-i*!*: in viffsr in spfprtfn*; 
trouiji fccrin:^ jr^ :5C scrrsiccr in rrcncrtxa to 
weight : • rzc i T:;:Tirm:m .rf r:\7icng : * jr£> wtiier- 
tighmess : inc , ^rii rhcilir/ in ^r^,nicn. 



83 



CHAPTER XII. 

TIVO MAIN GIRDER BRIDGE. 

We shall now consider the bridge shown in Plate IV. 
The clear span is 60 feet on the skew, and the 
bridge consists of two main girders, cross girders, 
rail-bearers, and ballasted buckle plate floor. The 
bridge is on a considerable skew, one of the main 
girders sitting 23 feet in front of the other. The 
spacing of the cross girders is the first matter for 
consideration. 

In considering the rolling load, which is the 
principal load on the cross girders, the first thing to 
be noticed is, that however close the cross girders 
are spaced, we must at one time or another while a 
train is crossing the bridge, have the weight on the 
heaviest axle borne directly by each cross girder. 
It is evident, therefore, that without increasing the 
stress, which will come on the cross girder, due to 
the rolling load, we can space them so far apart 
that the rolling load brought on to them by the rail- 
bearers shall not exceed the direct load on them 
due to the heaviest axle loads. This will generally 
happen if the cross girders are spaced something 
less than the wheel base of two pairs of coupled 

G 2 
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Cr^^iiTTji ijnrrzr a:*rT: rz-sr zuif mmrmnm. The 
Tt*i*tr: cT^'iife- -irr^.^erv 'f*^ r.:!- ^ xni more ccanamicaDy 
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• Ir- i>rd:n:=ir\ ciistes :: ttixy >^ ronsadered as 
general}y ai\'anta^t^v^;2< r.^ <;^\:5^f t^r cross ^ders at 
disLani?es equal :c> aKv^: ooz^ xrsi o:5;^-hah'' times the 
wheel base of two rviirs cc c*vX:vv'^i crrviic wheels, 
or say from o to : :: fe^f i. ar»i to piac^ rail-§iniers 
berween the cross giriers unier ejicth rj^'^ * 

In the present case, ir fe^i ;apT>cars t<> be an 
economical distance to space the crctss girders apart. 
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as at this distance our rail-bearers still remain com- 
paratively light, and the centre of each main girder 
is practically central between two cross girders. 

We shall first consider the rail-bearers. We 
shall make these i foot 6 inches deep as shown in 
Plate IV. The position of the rolling load which 
will give the maximum bending moment will be 
when the heaviest loaded axle is in the centre of 
the rail-bearer as below : — 

FIG. 26. 
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The bending moment at the centre 

Foot-tons. 

due to this weight is ' ^ x 6*o =26*25 

4 

The dead load on a rail-bearer is as 

below : 

Tons. 

Rail-bearer = 0*4 

Floor = o*5 

Permanent way =0*4 

Ballast = 2'o 

3'3 

The bending moment at the centre 
due to this weight is ^—^^ = 5 * 00 

o 



Total bending moment at centre = 31 '25 
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For purposes of calculation it will be close 
enough to take the effective depth as 1*25 feet. 

Therefore the stress in either flange = 5 

^ 1-25 

= 25 tons. 

For the bottom or tension flange we must there- 

fore have a net area of not less than — ^ 

4-5 

= 5*6 square inches. 

We shall make this up as shown in Fig. 27, 
viz. : 

Net Area. 

2 angles, 4" x 3V' x i" = 6'oo square inches. 

For the top or compression flange we must not 

have less gross area than — ^ =6*5 square inches. 

We shall make this up as shown in Fig. 28, 
viz. : 

Gross Area. 

2 angles, 4" x 3i" x i" = 6*5 square inches. 

FIG. 27. FIG. 28. 
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The maximum shear on the rail-bearers from 
the rolling load does not occur at the same time as 
we have the maximum bending, but will be when 
the loads are as, shown in Fig. 29. 
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The shear at either end due to the 

Tons. 

rolling load will therefore be i^— 5 = 8*75 

and that due to the dead load will be 2-2 = i • 65 



2 



Total shear 10*40 

Therefore the shear per foot run will be 

1-50 

= 7 tons. 

A f-inch web is more than ample for this. 

FIG. 29. 

j 
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As regards the rivets connecting the web ta the 
flange angles, the shear per foot run is of course the 
same,, viz. 7 tons per running foot, and if we use 
l^-inch diameter rivets, space 3 inches apart, we 
have as shearing area, the rivets being in double 
shear, 2 x 4 x o'6 = 4*8 square^ inches, and 
therefore the shearing stress per square inch is 

7 
- o = I ' 5 tons. 
4-8 ^ 

The bearing area will be4x|-xf=i*3 square 

inches, and therefore the bearing stress per square 

inch = -^ = 5'4 tons. 
1-3 

It is evident the rivets connecting the rail-bearers 
to the cross girders are ample. 



J<« PiJi TE'GIRDER RAIL WA Y BRIDGES. 

\Vc now come to the ordinary cross girders 
which wc have made 2 feet 6 inches deep. 

The jjrcatest rolling load which can be brought 
on to the cross girder will be when the loads are as 
l>rIow : 



*< » 



T. 






The* sum of the direct rolling load and the 
rolling K>;u1s hrouivht on the central cross girder in 
li^ ,<*> in \y \ tons. 

Ihr cirrtil UvAd on the cross girder at each point 
ill rtllaihnwMU of a rail-bcarer is, 

Tons. 

I M,«il X\%s\\\ \visss jfinior itself = o*6 

I «M»I hrou^ht on by rail-bearer =3*3 

3*9 

I hi'ioli)!^ thr total load at each point of attach- 
incni \\\ \m\ hcrtirr is ^vo + 13*1 = 17 tons. 

\Vf h;*vc* rtSMunrd in the above, for the sake of 
i-iinvtiuriui, that the woii^ht of the cross girder 
iiacli I:, iiiiunurairil at each of the points of attach- 
incjii 111 I he XA\[ be aivis. 

1 he inirtl wriv^ht on each cross girder will there- 

kifc he xXix licliiW ; 



V 1 i i — I — 



O rofiS «7 TONS 

ei4^ »; 



i» ^„^H^k ,-• ^.mmj» o rofis i7 tons % 



c — 
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The bending moment at the centre or points 
marked (i) 

= 34 X io'i4 — 17 X 5'o = 259*75 foot-tons. 

That at points marked (2) is 

34 X 5 '14 = 174*75 foot-tons. 

The stress in either flange at centre will be 

259-75 



2-5 



= 104 tons. 



The net area of tension flange at centre must 

therefore not be less than =23 square inches. 

4-5 

We shall therefore make this up as shown in 
Fig. 32, viz. : 

Net. 
Square Inches. 

2 plates, 16" X yV' = 15*70 

2 bars, 4!' X 4" x |" = 8*00 



23-70 



The gross area of the compression flange at 

centre must not be less than — ^ =27*4 square 

inches. 

Fia 32. FIG. 33. 
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We shall therefore make it up as shown in Fig. 
33, viz. : 

Square Inches* 

2 plates, 16" X yV' •• = i8-o 

2 bars, 4" X 4" x -|" = 9*2 



27*2 
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'/.'itv ^fiTTA s Tion^ TUSH lilcrvniaie. 3a 'we saisll 
Mtfi-ui^. "iur: tiatrutrrtr ii -rviSr atiCTt^tii die outsce 

;♦/«. ^::ir.ric<' iirr:r^. ;^^:r Kiuar^ inch will diifii be 

. / 

A;I (VUft/r:; ;inrt an^rfes in cross girders or rail- 
Ir^fK'/; <'^»n L'T oLctinftd of the lengdis required in 
!t^ ' 1, ;/, fh^ff rir> ru-^v'Tn will be necessary. If in iron, 
\ \iA\s\ y^<A\\<\ \'»n ntirjz^a^^ry in the centre of web of 
^^^rv^ ^nf'U-f fu^yntrxi with two :^inch plates» The 



* ~ ''> < ^^xiTi j#:r square inch. 
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attachments of the longitudinals to the cross girders, 
and of the cross girders to the main girders, are 
shown clearly in the plate. 

It will not be necessary to go through the calcu- 
lations for the two short end cross girders, as there 
is no difficulty in finding out the weights on them 
Their construction is shown in the plate. 

We now come to consider the rolling load to 
be adopted for the main girders when the load is 
brought on to them by cross girders spaced some 
distance apart, as in the bridge now under con- 
sideration. 

The rolling load per foot run which we have got 
in the table on p. 3 1 for different spans, is obtained 
by reducing loads concentrated at certain points to 
equivalent uniform loads per foot run, and the 
reasons given there will also apply to reducing the 
loads concentrated at the junction of the cross 
girders with the main girders to a uniform load per 
foot run. May we therefore use the uniform loads 
per foot run given on p. 31 for the rolling loads 
on main girders of bridges with cross girders } This 
obviously depends on the spacing and position of 
the cross girders. If the cross girders are spaced a 
very long distance apart and one comes in the centre 
of the main girder, it is evident that the load per 
foot run as given in the table ought to be increased, 
and if the centre of the main girder is between two 
cross girders it ought to be diminished. In bridges 
of such spans as we are considering, and with cross 
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"r-'^r- r:-5;.it:i f-L-rr i: :i ftrer aoart, the variation 
ir" i:.- ^' .":-z^-!rrt .niLrjm oaf Z^cn in the table 
r.L r^ ;.:*', j: ■ irtr rem :c trach side in extreme 
cs-.'t: .-. .:n.t :^An-«- v^ enable the amount to 
':/*. e .1.77.2-1':: 1 vtT-^ Cii-f<i:.; If exTTcme accuracy is 
r^' ;--'ei ;: -r *jl-~ t: f.rji rhe position of one or 
77j''t j.>:::i77i:c:ver vhizh will r^ve the maximum 
fire5.se- c i7jt mc^ii. riroerr^, but as a general rule 
t'rjeri v:\\. ht 7jo net^essin* for such refinement unless 
tner'. h h:trr\t reason for saving every pound of 
oeiLl :»assi':;je. O: course ve must remember that 
mji'r, 'r.i^'her ro";:n:; joads come on 2iiiy cross girder 
than that due lo an equivalent distributed load, but 
that. a]thou;;^h in any moment during the passage of 
a trnin some cross girders transmit these heavier 
loads to the main girders, other cross girders 
transmit lighter loads, so that the whole effect on 
the main prder is nearly that due to the equivalent 
uniform ilistributcd load. 

If wc now return to the main girder under con- 
sideration, we find from the table that the equivalent 
uniform distributed load for each track for a span of 
65 feet is alxMit j;r\; cwt. per foot run. We shall 
assume that, on account of the favourable position 
o\ our o^v^ss ^inlers, this would be reduced by 
alxHit 6 per cent., brinpng it down to 30-5 cwt. 
per Kxn run for each track. Each cross girder will 
tb< refore brin^i its pt\>portion of the rolling load at 
thi^ rate on to the main cirdcrsi. 

In addition to the rolling load each cross 
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girder brings on to the main girders the weight 
of the cross girder itself, and its proportion of 
the weight of rail-bearers, floor, permanent way 
and ballast. 

For convenience, we shall also assume that the 
weight of the main girder itself is concentrated at 
the points where the cross girders are attached to 
the main girders. 

The weight at each of these points, with the 
exception of the two end cross girders, will be as 
below : 

Tons. 

Rolling load, 30'5 x t2'o =18-3 

20 

Main girder, ^ ^ ^^ =2*7 

^ ' 2 X 20 ' 

Cross girders, — ? = 1*3 

Rail-bearers = o*8 

Floor = I'o 

Permanent way = o'S 

Ballast = 4*o 

28*9, say 29 

The weight brought on to each main girder By 
each end short cross girder will be as below : 

Tons. 

RoUingload, J Q'S x 9 = 6.^ 

20 X 2 

Main girder, <- — ^ = 2*9 

^ 2 X 20 ^ 

Cross girder = 0*4 

Rail-bearers = 0*5 

Floor = o*6 

Permanent way =0*3 

Ballast = i'4 

13*0 
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The gross area of the compression flange i 
not be less than — — — = 33*00 square inches. 



95 



FIG. 35, 
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We shall therefore make this flange up as shown 
in Fig. 36, viz. : 



Gross. 
Square Inches. 



2 angle bars, 3^" x 3^" x J" =6*5 

2 angle bars, 3^' x 3^" x i" =6*5 

2 plates, I ' 8" X i" =20*00 



33-00 



FIG. 36. 




The points where the outside plates can be cut 
off are easily found by plotting the curve of bending 
moments to any scale, and dividing up the maximum 
ordinate proportional to the amounts of areas of 
plates and angles required, as shown in Plate IV., 
Fig. 2. 

The maximum shear at the abutment to which 
the heavier load is brought, is 8 1 • 3 tons ; with a half- 



rLATii'uirci^ni: kailu ay bridges, 
'.:\A\ xcvh, this gives a shearing stress on the web of 
''=■2*4 tons per square inch of net section. 
Tilt' strtiss per foot run between web and flange is 



•— * 



'^ = 1 o • S tons. 



With '-inch rivets at 4 inch pitch the shear on 
I lie rivets connecting the tlan^je to the web will 
Ik . rcnu^mlKTinc that thev are in double shear, 

=r - tons per square inch, and the bearing 

IO-8 _ 

r.uvss on i\\v same rivets will be = — t" =8*3 

3x^x4 

Kills ptT square inch, the allowable stress being 
^ • :»5 i<.>ns. 

\Vc cannot get plates for the web 7 feet 6 inches 
tlrrp uiil)t»ui paying hea\y extras, so we shall take 
|.Uics 4 ktt wide, and have 3 joints between each 
titisksi t^irilcT. 

\\ V sliall require a Hnch web at only one of the 

ubuiincnts. In other portions of the girder it can be 

rcJiiCcJ to j'^. inch and |r inch as showTi in Plate IV. 

Near the same abutment it will be necessarj^ to have 

iluublc lines of riveting in the web covers, at other 

jilaccs covers with sinde rows of rivetinof wull be 

burticicnt. The covers are heavier than actually 

necessary as they also act as packings in some cases. 

I hese details can be worked out in the way adopted 

for the central girder in Plate II.. except that we 

ust remember that in this case the shear is prac- 

y constant from cross girder to cross girder. 
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The joints in the flange plates are fully shown. 
The net area of the i foot 8 inch by f inch flange 
plate in the bottom boom is 11*25 square inches, the 
number of |- inch diameter rivets required is there- 
fore 1 1 ' 25 X li-f-o* 6 = 28 rivets. One joint in the 
inner plate is covered by producing the outer plate 
and making it act as cover and 30 rivets are given. 
The other joint in the inner plate is taken together 
with the joint in the outer plate and both are covered 
by one plate i foot 8 inches wide by i inch thick, 
and two inside strips each 5^ inches wide and J inch 
thick, their united net area being 13*50 square 
inches, in comparison with 11*25 square inches, the 
net area of either f inch plate. Some of the rivets 
by this grouping of the two joints are placed in 
double shear and a saving in material thus effected. 
The gross area of the i foot 8 inch by \ inch flange 
plate in top boom is 10 'o square inches. The 
number of ^ inch diameter rivets required will there- 
be 10*0 -r- 0*6= 17 rivets. 

One of the joints of the inner plate is covered by 
the extension of the outer plate, and the other joint 
in inner plate, together with the joint in outer plate, 
is taken by one cover i foot 8 inches wide by \ inch 
thick. 

Joints in angle bar can be made where necessary. 

The joints of the floor plates are covered by T 
bars so as to have the plating continuous, and thus 
able to take up wind pressure. 

The total wind pressure on the bridge with a 

H 
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train running over it and a gale with a pressure of 
56 lbs. to the square foot blowing, would be 

65^xi/x56 

=28 tons. 

2240 

This must be considered as a uniformly dis- 
tributed load and its moment is therefore 5. = 

8 

228 foot-tons. The depth of the horizontal girder, 
viz. the width of the bridge, is 26 feet 8 inches and 
therefore the stress in either flange of the horizontal 
girder due to the wind pressure would be 

228 

-ZTTZ^ 8-5 tons. 
20 07 

If we assume that only the bottom flange of one 
of the main girders would take this up it would be 

an increase of ^ '^ = 4 of a ton on the leeward 

bottom flange, which would not be very serious, as 
occasions on which a 56 lb. gale would be blowing, 
and two trains running over the bridge, would 
occur very seldom, if at all. 

We have shown the main girders with f inch 
bearing plates with countersunk rivets resting on 
planed cast-iron bed plates 2 inches thick. The 
maximum pressure on the masonry will be about 
1 2 tons per square foot. 

The free ends of the short cross girders and 
rail-bearers have bearing plates with countersunk 
rivets, resting on bed stones. 

We ought to give the main girders a camber of 
about i\ inches. 
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It must be remembered in skew spans that a 
cross girder will not come at points of corresponding 
camber in each main girder. It will, therefore, 
often be better to keep all the cross girders horizontal 
by inserting packings underneath the bearing of the 
cross girders on the main girders ; an allowance will 
also have to be made for this between the top of the 
cross girder and the stiifeners. These packings are 
not shown in the plate. 
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CHAPTER XIII. 

COyCLL'SIOX, 

In concludinor these remarks on Plate-Girder Rail- 
way Bridges, the author would wish to impress 
the necessity of not looking too closely on the 
theoretical side of the subject. The saving which 
may be obtained by trying to exactly proportion 
sections to stresses may often be more than lost 
by defects of a practical nature. The necessity of 
not using a great variety of sections in a bridge has 
been previously referred to, and it can be easily 
understood that a bridge builder has to pay higher 
prices to steel manufacturers for a quantity of 
different sections than when as many sections as 
possible are kept the same. The necessity of only 
using the ordinary market sections of steel and iron 
is a point which cannot be too strongly remembered, 
and this particularly is so in the case of short span 
bridges. In bridges of long span it will of course be 
possible to get material of special section at little 
more than ordinary rates if a large quantity is 
reciuired. Smith's work, such as bending, joggling, 
&c., is very expensive, and should be reduced to a 
minimum. 



GENERAL REMARKS, loi 

For the above reasons it may often be found 
necessary and better to have sections a little heavier 
than what may be required by theory. Attention 
may also be drawn to the necessity of avoiding wide 
unstiffened flanges, particularly compression flanges. 
Local conditions ought always to be considered, 
particularly with regard to the method to be 
employed for erecting a bridge, and if the erection 
is kept in v\^ while designing joints and connec- 
tions a good deal of time and money may be saved 
later on. In connection with local conditions it would 
hardly be fair to consider a bridge close to a large 
town where a two or three minute service of trains 
passes over it as undergoing the same amount of 
wear and tear as a bridge in the country with, say, 
a half-hourly service. In the former case it would 
be well and desirable to have the bridge slightly 
stronger than in the latter, and particular attention 
should be paid to all floor joints and connections, in 
addition to such matters of detail as bearing stress 
on rivets, so that all racking action may be reduced 
to a minimum. 

All parts should be designed as far as possible so 
as to be capable of being inspected and painted at 
intervals, thus helping to prolong indefinitely the life 
of the structure. 

The Plates which have been given refer of course 
to railways in Great Britain, and it will be under- 
stood that in new countries the expense of iron or 
steel floors is not generally incurred. In the greater 
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portions of Canada, the United States, and many 
colonies, the greater portion of the floors of bridges 
up to the present time have been of timber, but in a 
number of new bridges plate floors are now being 
adopted. 

The weight of wrought iron is 40 lbs. for a 
plate one inch, thick and one foot square, and steel 
is two per cent, heavier. An allowance of three to 
four per cent, is generally added to the weight of 
plates and bars in any bridge to cover the weight of 
rivet heads. 

It is rather difficult to say much as regards the 
cost of bridges, as it is dependent so much on the 
distance which the bridge is from the manufacturer's 
yard, and on the difficulties of erection. At the 
present time, however, it may be considered that 
steel bridges for new railways can be erected 
complete at from 13/. o^. to 16/. lOi*. per ton, depen- 
dent on the conditions before referred to. In the 
case of replacing old bridges on a line where the 
traffic has to be kept up all the time, these prices 
might of course be very much exceeded. 
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maxima, 9 

Board of Trade rules and regula- 
tions, 34, 42 
Breadth of flanges, 51 
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Covers, 56, 72, 73, 97 
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Metals and their Alloys, etc. By Jakes Larkin. New edition, re ' 
and greatly enlarged, crown Svo, cloth, lOj. 6d. 

Breweries. — Breweries and Maltings : their 

rangement, Constmction, Machinery, and Plant, By G. ScambU 
F.R.I.B.A. Second edition, revised, enlarged, and partly rewritten. " 
F. COLYER, M.LC.E., M,I.M.E. IVilh 20 plates, Svo, cloth, lis. 6d. 

Brewing. — A Text Book of ihe Science of Brewing^ 

Bv Edward Ralph MoaiTZ, Chonist to the Country Brewers' Socii ' 
and George Harris Morris, Ph.D., F.C.S., F.I.C., etc. Based n^ 
a course of six lectures delivered by E. R. Moritz at the Finsbii 
Technical College of the City and Guilds of London Institute. 
plates and illustraliatu, Svo, cloth, l/, u. 
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Bridges. — Elementary Theory and Calculation of 

Iron Bridges and Roofs. By AUGUST Rittes, Ph.D., Professor at the 
Polytechnic Si^ool at Aii-la-Chapelle. Translated from [he third 
German edition, by H. R. Sankey, Capl. R,E. With 500 ilbistrations, 
Svo, cloth, 15J. 

Bridges. — Stresses in Girder and Roof Trusses 

for both Dead and Lioe Loads by Simple MulHplicatioti, with Stress 
Constanls for IQO cases, for the use of Civil and Mechanical Engineers, 
Architects and Draughtsmen. By F. R. Johnson, Assoc, M. Inst.C.E. 
Part I, Girders. Part 2, Roofs. In I voL, crown 8vo, cloth, ds. 
Contents : 
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Builders' Price Book. — Spans' Architects' and 

Builders' PriM Book, with useful Memoranda. By W. Young. Crown 
8to, cloth, red edges, 31. 6d. Published annually. 

Building. — The Clerk of Works: a Vade-Mecum 

for all engaged in the Superintendence of Building Operations. By G. G. 
HosKiNS, i.R.I.B.A. Third edition, fcap. Svo, cloth, \s. td. 

Building. — The Builders Clerk: a Guide to the 

Management of a Builder's Business. By Thomas Bales. Fcap. Svo, 
doth, IS. td. 

Canals.' — Waterways and Water Transport in 

Different Countries. With a description of the Panama, Suez, Man- 
chester, Nicaraguan, and other Canals. By J. Stephen Jeans, Author 
of 'England's Supremacy,' 'Railway Problems,' &c. Numerous illus- 
trations, Svo, cloth, 141. 

Carpentry .— T'yS^ Elementary Principles of Car- 
pentry. By Thomas Tredgold. Revised from the original edition, 
and partly re-wiitten, by John Thomas Hurst. Contained in 517 
pages of letterpress, and illustrated with 48 plates and 1 50 iiiood engrav- 
ings, Siith edition, reprinted from the third, crown Svo, cloth, 12s, 6d, 
E Equality and Distributign of Force? ^ SectJDD 11. Resistance of 

' ■ inn of Fioora— Section IV. ConMrudlion ot Rnofs — P»i^ 

d Cupolas— SectltniVI^ CoutnicliaD of I^titioi 

I Staging, — ' '' '— ' ' 

BridgM— Secdon IX. Co£fcr.da;_. 

■uidViaduiU— SecHonXI. Joints, Stiaps, 

Chemistry. — Practical Work in Organic Chemistry. 

By F. W. Stkeatfeild, F.I.C, etc. Demonstrator of Chemistry at the 
City and Guilds of London Institutes Technical College, Finsbnry. 
With a Prefatory Notice by Professor R. Meldola, F.R.S., F.LC. 
Crown Svo, doth, 31. 
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Chemists' Pocket Book. — A Pocket-Book for 

Cktmuls, Chtmiial MaHii/aituro-!. Mitallurgists, Dyers, Distillers, 
Brnmrs, Sugar Refineri, Plmtographtrs, StadtnU, etc., tic. By THOMAS 
BavLkv, Assoc R.C, Sc Ireluid. Analytical and Consulting Chemist 
and Assaytr. Fifth edition, 481 pp., royal 321110, coan, gilt edges, Sj. 
Synopsis or Contents : 

Atomic Weighu and Facion— Uuful D>u— Cbsmical Calculations— Rules for Indirect 
AnilriB— Welghu and Mcanim— Thecmamrlcrs and Bimncicn ^Chemioil Physiix— 
BgiUaf PiMti, He— SolubiliI» of SubBancM— Meiiodi of Obtalninji Specific Gravity- Con- 
vcmioo of HydromeMn— Slrenglliof Solu Jons by Specific Gnvit y— Aoalyiis— Cm Analysis — 
Water Aaalyilx— Qualilalitra Analysis and Rcadions— Volumetnc Analysis— Manipulation — 
Hkaalogy — Aisaying — AIoAol — Beer— Sugar — Miacelliineous Teehnological mutter 
nlalinK to Potash. Soda, Sul^nric Add, CUorinc, Tar PrDduca, ret[aleuu^ MtUc, ToUow, 
Fhategnphy. Prices, Wages, Appendii, etc, etc 

Coal Mining. — A Glossary of Terms used in Coal 

Mining. By WiLLiAM Sri;KELKY Greslev, Assoc. Mem. InsL C.E., 
F.G.S., Member of tbe North of England Institute of Mining Engineers. 
lUuitrated -with ituiatrous vioedculi and diagrams, ciown Svo, cloth, 5^. 

Coffee Cultivation. — Coffee: its Culture and 

Cammeree in all Counirits. Ediled by C. G. WarNford LOCK, F.L.S. 
Crown 8vQ, cloth, \2i. dd. 

A piaccical tundbaulc for the Ftanler, treadng In a iharouihly praclical nuraner on the 

Plant (with their prevention and cnre), prepano'an o£ the berry Thji marltet, and statistics Q£ 
local details of culture and producliun. Blbliueraphy. 

Colonial Engineering. — Spans' Information for 

Colonial Engineers. Edited by J. T. HuaST. Demy 8to, sewed. 
No. I, Ceylon. By ABRAHAM DbANE, C.E. as. id. 
.'graT^y, Trade, and Natural HLslDry— Principal Stations — Woighls and Measures, etc., etc. 
No. 2. Sonlhern Africa, including the Cape Colony, Natal, and the 
Dutch Republics. By IIenrv IIali, F.R,G.S., F.R,C.I. With 
Map, 31. 6d. 
General Description of South Afiia — Physical Geography wiEh reference to EneineeridiE 
Openiloas- Notes on Labour and Material in Cape Culony — Geological Notes on Roi£ 
Formation in Soulb Africa— EnjHnceiing Instruments for Uk in South Afiica— Prindpal 
Public Works in Cape ColoDy : lUi}wnTS, Mountain Roads and Passes, Harbour WorE, 
Brideei. Gas Works, Irrigation and Water SuptJy, Lighthouses, Drainage and Sanitary 
Enpieerinr, Public Buildfnp., Mines-Table erf Woods in South Africa-Animals used foi 
Draught Puiposes— Suiislical Noiet— Table of Distances— Rates of Carriage, etc. 

No. 3. India. By F.C.Danvees, Assoc. Inst, C.E. With Map. 4i.6d. 
Physleal Geography of India— Building ilateriab— Roads— Railways— Bridges— Irriga- 
don— River Works— Harbouis-Lighlhouse Buildings — Native Labour— The Printipa 
TreesoflBdia— Money— Weight.'; and Measures— Glossaiyuf Indian Terms, etc- 

Concrete. — Notes on Concrete and Works in Con- 
crete; especially wtitleo to assist those engaged upon Public Works. Ev 
John Newman, Assoc- Mem. Inst. C.E. Second edit! 
enlarged, crown Sto, doth, 61. 
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Depreciation of Factories. — The Depredation 

of Faclonts and ikeir Valuation. By EwiNG Matheson, Mim, Inst. 
C.E. Second edition, revised, with nn Introduction by W. C. Jackson, 
Member of the Council of the Institute of Chartered Accountants. 
Svo, cloth, ^s. 6d, 

Drainage. — The Drainage 0/ Fens and Low Lands 

by Gramtatipn and Sliam Ptr^ir. By W. H. WHEELER, M. InsL C.E. 
Witki'laUs, Svo, cloth, 12J, bd. 

Drawing, — Hints on Architectural Draughtsman- 
ship. B-j G. W. TuxFORD Hallatt. Fcap. 8»o, cloth, 1^. 6rf. 

Drawing. — The Draughtsman s Handbook of Plan 

and Map Drwwingi including instructions foe the preparation of 
Engineering, Architectural, and Mechanical Drawings. With numercus 
illustrations in the tixl, and 33 plalis (15 printed in iolours). By G. G. 
Anidr^, F.G.S., Assoc. Inst. C.E, 4to, cloth, 9/, 

Drawing Instruments. — A Descriptive Treatise 

on Mathimatical Drawing Instrammls : their construction, uses, qoali. 
ties, selection, preservation, and suggestions for improvements, with bints 
upon Drawing and Colouring. By W. F. STANLEY, M.R.I. Sixth edition, 
with nuiaerous illustrations, crown Svo, cloth, Ji. 

Dynamo. — Dynamo-Tenders Hand-Book. By 

F. B. BadT. With 70 illustrations. Third edition, l8mo, cloth, 41. fid. 

Dynamo. — Theoretical Elements of Electro- 
Dynamic Machinery, By A. E. Kennelly. With illustrations, Svo, 
cloth, 41. 611'. 

Dynamo -Electric Machinery. — Dynamo- Elec- 



Earthwork Slips. — Earthwork Slips and Subsi- 
dences upon Public IVorks : Their Causes, Prevention and Reparation. 
Especially written to assist those engaged in the Construction or 
Maintenance of Railways, Docks, Canals. Waterworks, Kiver Banks, 
Reclamation Embankments, Drainage Works, &c., &c. By John 
Newman, Assoc.Mem. Jnst. C.E., Author of 'Notes on Concrete,' &c. 
Crown Svo, cloth, 71. (>d. 

Electric Bells. — Electric Bell Construction : a 

treatise on the construction of Electric Bells, In^licators, and similar 
apparatus. By F. C. AlLSOP, Author of ' Practical Electric Bell Fitting.' 
With 177 illustrations drawn to seal/, crown Svo, cloth, 3/. 6fl', 




Electric Teatiiig.— v^ G^A Jm At Eiairk Test- 
Electric Tdegranh.— ^ Histmri t/Elteirit TeU- 

U&m C^ja^ rf rii MiBli. bf J. J. Funs, M^ Sac of "U. 

Electric Toys.— ^'Zerfni TV^j. Electric Tay- 

Hiki^ DyBMo BbU^ ad ElMDc Hdm C«ai«cliM far 
AmatETO. S)i T. (rCoJWK Siuftsx, FLD. VSci <*«. oova S«Ol 

Electrical Hotes.—Pive&al EUctruai /leUs mmd 



Engineeriag at die Fillikc iBSdQtfe, Croj^oa, ugetka ati^ the Rala 
iDd K^ul^kmi to be utn eiTc d i> Efcetnol 1— Ml.ty.^ Wat Secoid 
edition. Kofai 3300, dotk, led edgo, ^. 

Electrical Tables. — Electrital TabUs and Mt»i»- 

ramia. By Shvaxcs P. Thokfsox, D.Sc, BJl.. FJLS, «ik1 Edstmx 
Thomas. In waiitcau-poekei azc (2} in. by i| is.), Fi«Kh — ~--i-t ,^ 
gilt edges, viith latmrmi iibatratieiv, U. 

Electrical Testing.— ^4 Handbook of Electrical 

Toting. By H. R. Kempe, M.I.E.E. Fourth edition, revised and 
enlarged, Sto, doCh, its. 
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Electrical Testing. — A Practical Gtiide to the 

Testing oj Insulalfd iVires aiid Cables. By Hekbert Laws WedB, 
Member of the Amsrican Institute of Electrical Engineers, and of the 
Instilution of Electrical Engineets, London. Crown 8vo, cloth, 41. 6rf. 

Electricity. — The Arithmetic of Electricity, a 

Manual of Electrical Calculations by Electrical Methods. By 
T. O'CoNoa Sloake, Crown Svo, cloth, 41. bd. 

Electricity. — Short Lectures to Electrical Artisans, 

being a Course of ExperimeDtai Lectures delivered to a practical 
audience. By J. A. FLEMING, M.A., D.Sc. (Load.), Professor of Elec- 
trical Technology in University College, London. With diasrants, 
fourth edition, crown Svo, cloth, 4/. 

Electricity. — Electricity, its Theory, Sources, and 

Applications. By John T. Sprague, M. InstE.E. Third edition, 
thoroughly revised and extended, laith numerniis illustratioas and tables, 
crown Svo, cloth, 15J. 

Electricity. — Transformers : their Theory, Con- 

slruclion, and Applitation Simptifiid. By C. D. Haskins, Assoc. Mem. 
American Institute of Electrical Engineers. Jllastraltd, crown Svo, 
cloth, 4J. bd. 

Electricity in the House. — Domestic Electricity 

fur Aitmtatrs. Translated from the French of E. Hospitalieh, Editor 
of 'L'Eleclricien,' by C. J. Wharton, M. Inst, E.E. Numirous 
illustrations. Demy Svo, cloth, (ts. 

Contents ; 

I. ProductisD of the Electric Curtsnt— a. Electric BellB— 3. Automab'c Alarms— 4. Bameltic 
ICeTephoDes— s- Electric Clodu— «. Electee Lighters— 7. Domestic Electric Ll£hii9g— 
8. Domestic ApplLcalfen of the Electric Light— 9. Elegtric Motors— lo. Klectricil Locamo- 
tion- II. Eleclralnniig. Plating, and Gilding- 11. Electric Recreadoos— 13. Vinous appLi- 

Electro-Magnet." The Electro-Magnet and Electro- 
magnetic Mechanism. By Silvanus P. Thompson, D.Sc., F.R.S. 
IVUh 213 illustrations. Second edition, Svo, cloth, 1$/. 

Electro-Motors. — Notes on design of Small Dy- 
namo. By Geo. Halliday, Whitworlh Scholar, Professor of Engineer- 
ing at the Hartley Institute, Southampton. Plates, Svo, cloth, is. 6d. 

Electro-Motors. — The practical management of 

Dynamos and Molars. By Francis B. Crocker, Professor <,l Electrical 
Engineering, Columbia College, New York, and ScHtJYLBK. S. WHEEtEn, 
D.Sc Cuts, crown Svo, cloth, 4J. 6d. 
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Founding. — American Foundry Practice: Treat- 
ing of Loam, Dry Sand, and Green Sand Moulding, and containing a 
Practical Treatise npon the Management of Cupolas, and the Melting of 
Iron. By T. D. West, Practical Iron Moulder andTonndry Foreman, 
Second edition, •mith rtumernui illuslralioiis, crown 8vo, cloth, I2i. dd. 

French Polishing. — Tke French - Polisher's 

Manual. By a French- Polisher; containing Timber Staining, Washing, 
Matching, Improving, Painting, Imitations, Directions for Staining, 
Sizing, Embodying, Smoothing, Spirit Varnishing, French-Polishing, 
Directions for Repolishing. Third edition, royal 3amo, sewed, &/, 

Furnaces. — Practical Hints on i/ie Working and 

Conslruclkn of Rigencralor Fumaca, being an Explanatory Treatise on 
the System of Gaseous Firing applicable to Retort Settings in Gas 
Works. By Maurice Graham, Assoc. Mem. Inst. C.E. Cuts, 8vc, 
cloth. 

Gas Analysis. — The Gas Engineers' Laboratory 

Mattdboak. By JOHN HOKNBY, F.I.C., Honours Medallist in Gas 
Manipulation, City ajid Gailds of London Institute. Numerous illus- 
iralient, crown Svo, cloth, 6s. 

Contents : 

Tho Balance— Weights and WeJghinB — Sampling— Mtchanical Division— Dtying and 
Desiccation — Solulion and Evapotadon- Predpilation— Filuation and Tieaunent of 
Predpitates — Simple GravimElric Estimadons — ValuniEllic AnalvHE— Special Analpei 
iCDLiccd by Gas Worlu- Technical Gu Anal; sis— Gu Refereu' TnstTbclioiis, etc. etc. 

Gas Kngines. — Gas and Petroleum Engines: a 

Practical Treatise on the Internal Combustion Engine. By Wm. Robin- 
son, M.E., Senior Demonstrator and Lecturer on Applied Mechanics, 
Physics, &c.. City and Guilds of London College, Finsbury, Assoc. Mem. 
Inst-C.E., &c. Numtraui illialTations. Svo, cloth, 14J. 

Gas Engineering. — Manual for Gas Engineering 

Studi„ts. By D, Lee. iSmo, cloth, \s. 

Gas Works. — Gas Works: their Arrangement, 

Construction, Plant, and Machinery. By F, Colver, M, Inst. C.E, 
Wilk y folding plain, Svo, cloth, I2r. 6.^. 

Gold Mining. — Practical Gold-Mining : a Com- 
prehensive Treatise on the Origin and Occurrence of Gold-bearing Gravels, 
Rocks and Ores, and the MeUiods by which the Gold is extracted. By 
C. G. Warnford Lock, co-Aulhor of ' Gold : its Occurrence and Extrac- 
tion.' WiM 8 p/ales and 275 cngrin/ings in Ihi texl, 7S8 pp., royal Svo, 
cloth, 2/. 2S, 

Graphic Statics. — Tke Elements of Graphic Statics. 

By Professor Karl Von Ott, translated &om the German by G, S, 
Clakke, CapL R,E:., Instructor in Mechanical Drawing, Royal Indian 
Engineering College. With 93 illustraliims, crown Svo, cloth, %s. 




Graphic Statics. — The Principles of Graphs ] 

Sialics. By Georce Sydenham Ciarke, Cipt. koyal Engine — 
mik ( 12 illuslraliotis. Second edition, 410, cloth, \ii. bd. 

Graphic Statics. — Mechanical Graphics. A 

Second Course of Mechanical Drawing. With Preface by Prof. FsRuy, 
B.Sc, F.K.S. ArraQged for use in Technical and Science and Art Insti- 
tutes. Schools and Collc'ecs, by Geokgb Halliday, Whilworlh Scholar. 
With UhistraHom, 8vo, doth, 6/. 

Graphic Statics. — A New Method of Graphic 

Sialics, applied ic the constniclion of Wrougbl-Iron Girders, jiractiCEUy 
illuslraled by a series of Working Drawings of modem type. By 
Edmund Olanubb, of the Great Weaiem Railway, Assoc Mem. InsL 
C.E. Small folio, cloth, lar. 6rf. ' 

Heat Engine. — Theory and Construction of a\ 

Natural Hiat Motor. Translaled from the German of Rl/DOLF DtKSEL ' 
by Bryan Donkin, Mem. Insi, C.E. Nurmraus aits and plates, Svo, 
cloth, 6j. 

Hot Water.— Hot Water Supply: a Practical 

Treatise upon tlie Fitting of Circulating Apparatus in connection villi 
Kitchen Range and other Boilers, to supply Hot Water for Domestic and 
General Purposes. With a Chapter upon Estimating. By F. DvE. 
mtk illustralians, crown Svo, cloth, 3J, 

Hot Water. — Hot Water Apparatus : an Ele- 
mentary Guide for the Fitting and Fixing of Boilers and Apparatus for 
the Circulation of Hot Wafer for Heating and for Domestic Supply, and 
containing a Chapter upon Boilers and Fittings for Steom Cooking. By 
F. Dye, 32 illustrations, fcap. Svo, cloth, \t. 6d. 

Household Manual. — Spons' Household Manual : 

a Treasuiy of Domestic Receipts and Gniilc for Home Management. 
Demy Svo, cloth, containing 975 pages and 250 iltuslralitots, price 71. &/, 
pHiNctPAL Contents: 
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House Hunting. — Practical Hints on Taking a 

H<nisi. By H. Percy Boulnois, Mem. Inst C.E.. City Engineer, 
Liverpool, Author of ' The Municipal and Sanitary Engineer's Hand- 
book,' ' Dirty Dustbins and Sloppy Streets,' &c iSrao, cloth, is. bd. 

Hydraulics. — Simple Hydraulic Formula. By 
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Hydraulic Machinery. — I/ydrau/tc Steam and 

Hand-Pawn' Lifti'ig and Pressing Miuhiiiay. By Frederick Colyer, 
M. Inst C.E., M. Inst. M.E. Second edilion, revised and enlarged. Wilk 
%%plata, 8vo, cloth, a&r. 

Hydropathic Establishments. — T/ie Hydro- 
pathic Establishment and its Balks. By K. 0. Allsop, Architect. 
Author of ' The Turkish Bith.' lUusU-aUd -with plates and sections, 8vo, 

Cloth, t,s. Contents : 

Gengrsl CunsidEiatioiiii — Requirements sF the Hydropathic Establlshiaent— Some eiUting 
lasdtutidns— Baths snd TreatmEnts and ihe arrangement of the Balh-House— Vapour Baths 
and the Rusaaa Bath— The Douche Room and its appliances— Massage and ElecDicid 
TreaCmeDt— Putvcwation and the Modi Dore Cure— Inhalation and the Fine Cute— The 

Hydraulic Motors. — Water or Hydraulic Motors. 

By PuiLir R. Bjorling. With 206 illustrations, crown 8vo, cloth, gr. 
Contents : 

Water-wheels— 5- "owrsbQt and High-hreait Water-whools— I." Petlm Wate^^eclw. 
General Kematiis on Watei-wheels— fl. Turbinea-g. Outward-flow Turhines— 10. Inword- 
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Indicator. — Twenty Years with the Indicator. By 

Thomas Prav, Jnn,, C.E., M,E., Member of the American Society of 
Civil Engineers. With illustfolioni, royal Svo, cloth, lis.td. 

Indicator. — A Treatise on ihe Richards Steam- 

Engiite Indicator and the Oevilepmenl and Application of Force in the 
Steam-Enginf. By Charle3 T. Porter, mih illustrations. Fourth 
edition, revised and enlarged, Svo, clolh, gj. 

Induction Coils. — Induction Coils and Coil 

Making : a Treatise on the Construction and Working of Shock, Medical 
and Spark Coils. By F. C. Allsop. With itS illuslratiani, crown Svo, 
cloth, 3,r. 6d. 

Iron. — The Mechanical and other Properties 0/ Iron 

and Steel in connection with thdr Chemical Composition. By A. VOSMAER, 
Crown Svo, cloth, 6r, 
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Iron Manufacture. — Roll-Tummg for Sections tte 

SUel and Iron, working dnwinp for Rails, Sleepefs, Girders, Bulbs, 
Tics, Angles, kc, also Blooming and Cogging for Plaid and Biilcts. 
By AdaU SrENCKK. :>^»od edition, aiti 78 large plata. Illuslrations 
of neatly every clssi of woilt in Uii& Industry. 410, doth, l/. icu. 

Lime and Cement. — A Manual of Lime and 

Cement, their Irtatmenl ind use in conslnietion. By A, H. Heath. 
Crown StO, doth, &r. 

Liquid Fuel. — Liquid Fuel for Mechanical and 

Indiitlrial PuTpBsa. Compiled by E. A- Bbavlkv Hodgetts. WiA 
■mved mgravingi. 8vo, doO^ 5>. 

Magneto Hand Telephone. — The Magneto 

Band Teitpioni. lis construction, filtiog-np, and adaptability lo ereiy- 
day use. By Noehan Hicres. Cuts, lanio, doth, 31, bd. 

Mechanics. — Tlie Essential Elements of Practical 

Meehaniei, based on the principle of work ; designed for Ecgineering 
Students. By Olivek Bl'RtiE, formerly Professor of Mathematics, 
College for Civil Engineers. Fomth edition, illustrated by itumaroitt 

•mood mgretDings, posl 8vo, dolb, 71. ftd. 

Mechanical Engineering. — Handbook for Me- 

ciankal Enginars. By HesE¥ Adahs, Professor of Engineering at 
the City of Loiidoa College, Mem. InsL C.E., Mem. Inst. M.E., Ae. 
Second edition, revised and enlarged. Crown Svo, cloth, 6j. 
Contests : 

yuddameotal Frindple* of Mechanics — Variede And PraptttiB of Ualcrialfi — SocDftti 
•A Maleiijli >Dd Siructuc»— PbHciu Makine— Moulding and FouddiaE— Foigrne, Wrlduw 
and RIieuiiK—Wariuhnp Toob and Ccneii^MaFhincry-'TTamini^an of Povct. Frini^ 
and Lubricanon— 'llicnnadynjmics and Sleam— Steam Bnilen— The SlEUn Ecgiac — Hy- 
draulic Machinery — Electrical EngincetiDg— Sundry Nols and Tgblcs. 

Mechanical Engineering. — Tke Mechanician : 

a Tieatise on the Constraction and UanipulatioQ of Tools, for the use aiid 
instruction of Young Engineers and Sdentific Amateors, comprising the 
Arts of Rl ai-lnni i tiling and Foiling ; the Cojistmctloo and Manufacture 
of Hand Tools, and the varions Methods of Using and Grinding them ; 
de^ription of Hand and Machine Processes ; Turning and Screw Cutting. 
By CaMBRON Knight, Engineer. Centaining 1147 illustratiom, and 
397 P^es of letter-press. Fourth edition, 4to, doth, l&. 

Mechanical Movements. — Tke Engineers' Skeick- 

Book of Mahankal Movements, Detiites, Afiplianca, Canlrivancei, Details 
employed in the Design and Canslruclion 0/ Machinery for n'ery purpese. 
Collected from numerous Sources and from Actual Work. Classified and 
Arrangedfot Referecce. Nearly zooo Illustrations, By T. W. Barbek, 
Engineer. Second edition, Svo, doth. Is. 6d. 
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Metal Plate V/ork.—Me/al Plate Work: tts 

Faltcms and thnr Geomitry. Also Notes on Metals and Rales in Men- 
suralioo for the use of Tin, Iron, and Zinc Plate-workers, Coppersmiths, 
Boiler-makers and Plumbers. By C. T. MiLLls, M.l.M.E. Second 
edition, considerably enlai^ed. With niimtroHi illaslraliont. down 
Svo, clot!), gj. 

Metrical Tables. — Metrical Tables. By SirG. L, 

MoLESWORTK, M.I.C.E. 32ino, cloth, IS. 6d. 

Mill-Gearing. — A Practical Treatise on Mill-Gear- 
ing, IVie^ls, Shafts, Riggers, elc. ; for the use of Engineers. By Thomas 
Box. Third edition, with ii plates. Crown Svo, cloth, ^s. 6d. 

Mill - Gearing. — T^e Practical Millwright and 

Eiigiiietr's Ready Ricioner; or Tallies for finding the diameter and power 
of cog-wheels, diameter, weight, a.nd power of shafts, diameter and 
strength of bolts, etc. By Thomas Dixon, Fourth edition, lamo, 

Miners' Pocket-Book. — Miners' Pocket-Book ; a 

Reference Book for Miners, Mine Surveyors, Geologists, Minerali^sts, 
Millmen, Assayers, Melallnrgisis, and Metal Merchants all over the 
world. By C. G. Warnfokd Lock, author of ' Practical Gold Mining,' 
' Mining and Ore- Dressing Machinery.' &c, Fcap. Svo, roan, gilt edges, 
lar, &/. Contents : 

Motive Powtr— Dams and Reservoirs— TransmitUnff Power— Wtighls and Measures- 
ProspectJEig — Boring — DrillinE — Blutiue — Explo^iVEs — Shaft SidIcihe — Pumping — Vcnti- 
Jaling— L^kling— Coal Cutting- Ha^tling and Hoisting— WMer Softening— Stamp Batteries 
— Cniahing Rolt— Jordan's Centrifugsl Process— RjKr Mining— Ore Dtcssini— Gold, Silver, 
Copper Smelling— Treatment of Ores— Coal Cleaning— Mine Surveying— British Rocks— 
Gealoeical Maps— Mineral Vein.— Mining MetboOs— Coal Seama—lilineels— Precious 
Slones— Metals and MefflUio Ores— Metalliferous Mioerals— Assaying— Glossary— List of 
Useful Books^Indei, &(;.. &0., Etc 

Mining and Ore-Dressing Machinery. — By 



Mining Machinery. — Mining Machinery : a 

Descriptive Treatise on the Machinery, Tools, and other Appliances used 
in Mining. By G, G. Andkb, F.G.S., Assoc Inst. C.E., Mem. of the 
Society of Engineers. Royal 410, uniform with the Author's Treatise 
on Coal Mining, containing \Zl plaits, accurately drawn to scale, with 
descriptive tent, in 2 vols., cloth, 3/. izj. 
Contents : 

Macbinery for Pmspecdng, Excavating, 
Treatment of Mineral Products, including 
Coal, Sulphur, China Clay, Brick Earth, cic 




I^rftnnery . — Perfumes omd iheir Pr^arutiaa, cob- 



Pei^jective. Perspeetiitt, Ex^mned taui , 

MOkT. Bi G. b. ClAUEE. Cafd. K.L. MM Ouatr^mm, %^ 

Petrolenm. — The Marine Transport of Pet 

A Boat fat Ik mc of SktpowBeti. SUpteiUen, linien ' 
■kom COBkBd Oftocn of r.li.jMiji iliMin. Vraeh 
Lnnx, sSam tt the 'I^nnwai Icsml at dorawKc' 

Pbonogn^. — The Phmosrapk. and Hoa: to t 




r&Sni,dalL. > 
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Pharmacy. — A Pocket-book for Pharmacists, Medi- 
cal Fracimontrs, Sludmts, etc., eU. {British, Colonial, asid American). By 
Thomas Bayley, Assoc. R. Coll. of Science, Consulting Chemist, 
Analyst, and Assayer, Author of a ' Pocltet-book for Chemists,' 'The 
Assay and Analysis of Iron and Steel, Iron Ores, and Fuel,' etc., etc 
Eoy[i 321110, boards, gilt edges, 6s. 

Plumbing. — Plumbing, Drainage, Water Supply 

and Hot Water Fitting. By John Smeaton, C.E., M.S.A,, R.P., 
Examiner to the Worshipful Piumbcts' Company. Numerous engraviiigi, 
8vo, cloth, 7r. dd. 

Pumping Engines. — Practical Handbook on 

Direcl-aiting Pumping Eiigitu and Sttam Pump Construction. By 
Philip R. Bjbri-ing. With 20 plates, crown Svo, cloth, 5j. 

Pumps. — A Practical Handbook on Pump Con- 

slruclion. By Phii.ip R. Bjorling. Plales, crown Svo, cloth, 5^. 

CONTE^iTS : 
Prinaplc of Ihe action of a Pump— Classification of Pumps— Description of various 



I Pumps. — Pump 
By Philip R. Bjorli 
WindboHS— Foot-vaiv« and 
Plunger, Buckets a^ Vawl^^E? 
SpindlcE. md Drai»-h<»lis-^l- 



,— Cup-lea the 



i^^r-vesaels- 



Pumps. — Pump Details. With 278 ilhistratlons. 

By Philip R. Bjorling, author of a Practical Handbook on Piunp 

Svo, cloth, 7j. (>d. 

Contents 

-valves and Strain crj—CIack-weces, Hudcet-door-pieces, and H~pieC" 



oHTor 



Ofrseli— Pij 






Pipe-smyfr — Pomp- 
L flob-s T Bobs, 
:isierns, and Tanks 



Pumps. — Pumps and Pumping Machinery. By 

IT. , j^ Mem. lost. C.E., Mem. Inat. M.E. Part I., second edition. 



revised and enlarged, viith 50 plales, Svo, cloth, xl. Sj. 



\ Pump!— BlowinE 



■HbJ^ Poo 



pDmfdns EPEine-.'Lancashire 
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Pumps. — Pumps, Historically, Theoretically, 

PractkaUy ConsidertJ. By P. R. BjoBLINO. IVitA 156 "" 
Crown Svo, doth, Ji. W. 

Quantities. — A Complete Set of Contract Documents 

for a Country Ledgi, coniprisinE Drawings, Specifications, Dimensions 
(for quantities), Abslracts, Bill of Quanlities, Fonn of Teoder and Con- 
tract, with Notts by J. Leaking, pnnted in facsimile of the oiiginal 
docoments, on single sheets fcap. 

Quantity Surveying. — Quantity Surveying. Byj 

J. Lbanind. With 42 ill u titrations. SecomI edition, revised, crovni Stiv 
doth, 91. 

Contents 

A carets ExpUiulioD o( ibe Londan Sch< 

Onsat ImitnictHiiii. An^: 

- 'troITikingOff. 



Uieuidn 

Cnditi, wiibvarioui £> 
Abbmlllioiu. 
SquutnE Ifae Dimeiuioii 
AbslracUng, wiib Eluun 



t of [he Torioiu Tndcs. 



Df Schedule of Prices. 
lis of Schedule of Prices. 

of 1 Bill of Variations, 
tu DO SpeoGcitiDiii. 
lai Valgiilion of 



I 



in DliutmlOD of I Taking Offiflei 



Vaiiadou before Acceptance 



ID the Paal and Pics 



Railway Curves. — Tables for Setting out CurvesM 

far Railu'ays, Canals, Roadi, elc^ varying from a radius of five chainia 
to three miles. By A. Kknuedv and R. VV. Hackwood. JUtutrated, \ 
32mo, doth, ar. 6rf, ■ 

Roads. — The Maintenance of Macadamised RoadsA 

By T. CouRlKGTON, M.I,C.E., F.G.S., General Superintendent ( " 
County Roads for South Wales. Second edition, Svo, doth, ^s. 6d. 

Safety Ysiivc. —Safety Valves: their history, ante-'l 

cedints, invention, and calculation ; including the most recent eiamples oCL 
Weighted and Spring-loaded Valves, also showing ^e eiTect of Atrno*! 
spheric Pressure on Safely Valve Discs, showing the curioas phenomenoaj 
of Balls being sustained by an inclined current of Air ; Vacuum Valves, J| 
and their importance in heating and tioilicg. By W. !(, Le Van. WWfc 
69 enp-avings, fcap, Svo, clolh, 6j. bd. 
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Scamping Tricks. — Scamping Tricks and Odd 

JCnmalddge occasionally practised upon Public Works, chronicled from the 
confessions of some old Practitioners. By John Newman, Assoc M. 
Inst. C.E., author of ' Earthwork Slips and Subsidences Qpon Public 
Works,' ' Notes on Concrete,' &c. Crown Svo, cloth, 2J. 6d. 

Screw Cutting. — Turners Handbook on Screw 

Cutting, Coning, etc., tie, with Tables, Examples, Ganges, and 
Formalfe. By Walter Price. Fcap. Sto, cloth, ii. 

Screw Cutting. — Screw Cutting Tables for E?i- 

giMors and Machinist!, giving the values of the different trains of Wheels 
required to produce Screws of any pitch, calculated by Lord Lindsay, 
M,P, Oblong, cloth, zi. 

Screw Cutting. — Screw Cutting Tables, for the 

use of Mechanical Engineers, showing the proper arrangement of Wheels 
for cutting the Threads of Screws of any requited pitch, with a Table for 
making the Universal Gas-pipe Threads and Taps. By W. A. Martin, 
Engineer. Second edition, oblong, cloth, \s. 

Slide Valve.— /( Treatise on a Practical Metliod 

of Designing Slide- Valvi Gears by Simple Giomilrieal Consltueliaii, based 
upon the principles enunciated in Euclid's Elements, and comprising the 
various forms of Plain Slide-VaJve and Expansion Gearing ; together with 
Stephenson's, Gooch's, and Allan's Link-Motions, as applied either to 
reversing or to variable expansion combinations. By Edwakd J. COW- 
LING Welch, Mem. InsL M.E. Crown Svo, cloth, 6j. 

Steam Boilers. — Steam Boilers^ their Manage- 
ment and Woriing on land and sea. By James Peattib. With 
illustrations, crown Svo, cloth, 5J, 

Contents : 

Waler Catnbiulian—IncruslaiiDa—PrininE—CircMbtiiii— Fitting— Sliff for Steam— Saol 

and Scale effect!— Feed— Blowing out— Chanelng Walet— Scilo fiiveotion- Expansion of 

Boilers— Latent Heal— Firing— BanliinB Fitea- Tube stoppiDfi— CDHCenlradon of Heat— 

BdUci Repairs— Enplu&ions, &c.. Sic. 

Steam Engine. — The Steam Engine considered as 

X TAermadynamie Machine, a treatise on the Thermodynamic efficiency 

.re... T- - .11 . . ..I !._. -T-.i.__ Diagrams, and Examples from 

r.R.S., Professor of Applied 

Second edition, revised and 




Steam Engine. — A Practical Treatise on the 

steam Engine, contaJDing Plans and Arrangements of Details for Fixed 
Sleam Engines, with E^ays on the Principles involTed in Design and 
Canstraction. 6; Akthur Rigg, Engineer, Member of the Society of 
Engineers and of the Royit Institution of Great Britain. Demy 4to, 
cofiBusly ilbistralcd viilh woodculs and 103 plaits, in one Volmne. 
Second edition, cloth, 351. 
Thii WQEic is DOt, Id any icdeq. An dcmdntaiy tmtlH. or history of the steam en^qc, but 

Kceot amDEEOiEDti ofH^iDDil, \^nlc^, Beam, I>^inpiiiE,''wiiidinE,'p^nable. Semi- 
nttabtc. CoiTisi. Allen. Compouatl. and other similu EoeUici, by the mosl cnUDenl Tiraa ia 
Orcat Britain and America- The Uwa relatiDS 10 the action^mid precautions to be obHrvfld 
in the coostmcCion of the varioos dot 
rodi, Crou-bcads, Motion-bEodei, Ec 



details, such as CyiiDders, Kslons, Piaion-rods, ConnectiDg- 
f :_ Simple, EipaB.-'— "-' ■" —- ' ■'—"='—• — 



artides upon the Velocity of Redprocat!i]£ Parts and the Mode of ApplyinE the IxkUcator. 
Heat and Expansion of Steam GovemoTs, and the like. It is Che wnicr's desire lo draw 

Steam Engine. — Steam Engine Afanagement ; a 

Treatise on the Working and Management of Steam Boilers. By F. 
Coi,¥ER, M. Inst, C.E., Mem. Inst. M.E. New edition, iBmo, cloth, 
y. 6d. 

Steam Engine. — A Treatise on Modem SteajttM 

Engina and Boikrs, including Land, Locomotive and Marine Enginec J 

and Boilers, for the use of Students. By Fkedbrick. ColvsK, M. In^l 

C.E,, Mem. IukL M.E. With j,(i plates. 410, doth, \2s. td. 

Contents : 

I. Introdtiction— ■. Original Engines— 3. Boilers-'t. Higb-Piesiuie Beam Enginei— «,■ 
Cornish Beam Engines— «. Horizontal Engines— 7. Osdllating Engine!— 8. Vettleal HIeCS 
Pressure Engines— 9. special Engines— 10. Portable Engines- 11. Locom----- "--■-— "^ 

Sugar. — A Handbook for Planters and Refiners^, 

being a comprehensive Treatise on [he Cultnre of Sugar-yielding Plaut^l 
and on the Manufacture, Refining, and Analysis of Cane, Palm, Map'" 
Melon, Beet, Sorghnm, Milk, and Starch Sugars ; with copit 
Statistics of their Production and Commerce, and a chapter on I 
Distillation of Rum. By C. G. Warnford Lock, F.L.S., &c,3 
B. E. R. Newlands, F.C.S., F.LC, Mem. Council Soc. Chemic 
Industry; and J. A. R. Newunds, F.C.S,, F.LC. Upwardi of Oi 
illuslratiom and many plain, 8vo, doth, i/. lOr. 

Surveying. — A Practical Treatise on the Science (gS 

Land and Engineering Simtying, Levelling, Eilimaling Quantitia, '^H 
with a general description of the several Instruments required for Siff 
veying, Levellir\g, Plotting, etc. By H. S. Merkett. Fourth editioB 
revised by G. W. UsiLL, Assoc. Mem. Inst. C.E. 41 plmta, vntA illm 
Iralivns and lailes, royal Svo, cloth, 121. 6d. 
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Tables of Logarithms. — A B C Five-Figure 

LogarUhTits for gineral usi. By C. J. WOODWARD, B.Sc. CODtaining 
MBQtisSw of numbers to 10,000, Log. Sines, Tangents, Cotangents, and 
Cosines to 10" of Arc. Together with full explanations and simple 
exercises showing use of tho tables. 4J. 

Tables of Squares. — Barlow's Tables of Squares, 

Ciiiei, Square Roots, Cube Roots, Ruipracah of all Integer Numbers up to 
10,000. Post 8vo, doth, 6j. 

Telephones. — Telephones, their Construction and 

Fitting. By F. C. Allsop. Second edition, revised and enlarged. tVith 
aio illuslratiaiis. Crown 8vo, cloth, ^s. 

Tobacco Cultivation.- 



'Tobacco Growing, Curing, 

: for Planteis in all parts of the wortd. 



Tropical Agriculture. — Tropical Agriculture: a 

Treatise on the Culture, Preparation, Commerce and Consuniption of the 
principal Products of the Vegetable Kingdom. By P. L. Bimmonds, 
F.L.S,, F.R.C.I. New edition, revised and enlarged, 8vo, cloth, 2ij. 

Turning. — The Practice of Hand Turning in IVood, 

Ivory, Shell, etc., with Instractions for Turning such Work in Metal as 
may be required in the Practice of Turning in Wood, Ivory, etc. ; also 
an Appendix on Ornamental Turning. (A book for beginners.) By 
Francis Campin. Third edition, wilA -uiood engra-uings, crown Sto, 
cloth, 3t. dd. 

Valve Gears. — Treatise on Valve- Gears, with 

special consideration of the Liok-Motions of Locomotive Engines. By 
Dr. GusTAV Zeuner, Professor of Applied Mechanics at the Confede- 
rated Polytechnikum of Zurich. Translated from the Fourth German 
Edition, by Professor J. F. Klbin, Lebigh University, Bethlehem, Pa. 
niastrated, Svo, cloth, lu. 6d. 

Varnish. — The practical Polish and Vaniish-Maker ; 

a Treatise containing 750 practical Receipts and Formulte for the Manu- 
facture of Polishes, L^quers, Varnishes, and Japans of all kinds, for 
workers in Wood and Metal, and directions for using same. By H, C, 
Standage (Practical Chemist), author of 'The Artist's Manual of 
Pigments.' Crown Svo, cloth, 6i. 




Ventilation. — Health and Comfort in House Build' 

ifig; or, Venlilfltioii wilh Warm Air by Self-aeltng Suction Power. 
Wilh Review of the Mode of Calculating the Draught in Hol-air Fines, 
&nd with some Actual Experiments hj J. Drysdale, M.D., and J, W. I 
Haywaud, M.D. mti flaUi aad taoodculi. Third edition, with w 
New Sections, and the whole carefully revised, 8vo, doth, ^l. 6ii. 

Warming and Ventilating. — A Practical^ 

Tralbt upon Warming Buildings by Not iValtr, and npon Heat and 
Heating Appliances in general ; with an inijuiry respecting Ventilation, 
ihe cause and action of Draughts in Chimneys and Fines, and the lam 
[elating to Coabustion. By Charles Hooo, F.E,S., F.R.A.S., &Cj^ 
Re-written by Frederick Dve. Svo, cloth, 15/. 

Watchwork. — Treatise on Watchwork, Past at 

Pristnl. By the Rev. H. L. NELTKaopp. M.A., F.S.A. WUh 
illustrations, crown Bvo, doth, 6j. W. 



mary— On Calculadaiu of the Numbers for Wheels 3 
Tnks, uc— or Dial Wlieels, or MoiioB Work— Leni 
up-Thc Vcrge-The Horiwatal— Ths Duplo— Tie 
Walchu-Ksyless Walchn-The Peodulum. or Spin 
PI>ot Hol«—CIeikcii»cU— Fallacies or (he Ttade— Im 



&c..^^ 
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Waterworks. — The Principles of XVaterworh 

Engineering. By J, H. TuDSBERY TURNER, B.Sc, Hunter MedallW. 
of Glasgow University, M. Inst. CE., and A. \V. BklGHTMORE, M.S^ 
Assoc. M. Inst. CE. With iliustralioiis, medium Svo, cloih, aji. 

Well Sinking. — Well Sinking. The modem prj 

tice of Sinking and Boring ^VeIls, with geological considerationa • 
examples of Welis. By Ernest Spon, Assoc. Mem. Inst ^ 
Second edition, revised and enlarged. Crown Svo, doth, icu. 6d, 

Wiring. — Incandescent Wiring Hand-Book. 

F. B. Badt, kte 1st Lieut. Royal Prussian Artillery. IVith 41 Uliabn 
tioni and 5 tablet. iSmo, cloth, 4/. ^, 

Wood-working Factories. — On tlte Arrat^ 

mcHl, Cart, and Optratioit of Wood-ioorking Fadories and Machint 
forming a complete Operator's Handbook, By J, Richard, Mcchania 
Engineer. Second edition, revised, -.ivodeuls, crown Svo, doth, 5j, 
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8P0NS' DICTIONARY OF ENGINEERING, ■ 


CIVIL, MECHASICAL, MILITARY, & NATAI, ^H 


Technical Terms in French, German, Italian, and Spanish, ^^M 


In 97 numbers. Super-royal 8vo, containing 3132 frinUd pagfs and 7414 ^^H 


engrteiiings. Any number can be had separate : Nos. I to 95 u. each, ^^^H 


post free ; Nos. 96, 97, ■is., post free. ^^H 


CojiFLETE List of all the Subjects : ^^H 


No». 


Xo; ^^H 


Abacus 1 


Barrage S and 9 ^^H 


Adhesion I 


Battery 9 and 10 ^^H 


Agricuhural Engines .. 1 and 2 


BeU and Bell-hanging .. .. 10 ^^| 


Arr-Chaniher 2 


Belts and Belting .. .. to and It ^^1 




Bismuth n ^H 


Algebraic Signs 2 


Blast Furnace .. 11 and 12 ^^1 


Blowing Machine .. 12 ^^H 




Body Flan iz and 13 ^^H 


Ambulance " 2 


Bailer I3< I4. '5 ^^H 

Bond 15 and 16 ^H 


Anchors 2 


Bone Mill iG ^H 




Boot-making Machinery .. .. 16 ^^H 


Aninilar Motion . . . . 3 and 4 


Boring and Blasting 161019 ^^H 


An|le-iron 3 


Brake 19 and zS ^H 


Angle of Friction 3 

^ Animal Charcoal Machine .. 4 


Bread Machine jo ^^H 


Brewing Apparatus .. 20 and 21 ^^^| 


^L Antimony, 4 ; Anvil . . 4 


Brick-making Machines .. .. zi ^H 


^M Aqueduct, 4 ; Arch ..4 


Bridges 2lt0 2S ^H 




Buffer 2g ^H 


^F Aiming Press 4 and 5 


Cables zS and 29 ^^H 


Armottr, 5 ; Arsenic .. ., 5 


Cam, 29 ; Canal 29 ^^H 


Artesian Well 5 


Candles ..29 and 3a ^^^| 


Artillety, S and 6 ; Assaying .. 6 


Cement, 30 ; Chimney .. .. 30 ^H 


Atomic Wrights .. .. 6 and 7 


Coal Cutting and Washing Ma- ^^H 


Auger, 7i Axles 7 

Balance, 7 ; Ballast .. .. ^ 


chinery 31 ^1 


Coast Defence .. .. 31,32 


Bank Note Macliinery .. ..7 


Compasses 32 




Construction .. ..32 and 33 


Barker's Mil! S 


Cooler, 34; Copper .. „ 34 


K Barometer, 8; Barracks .. .. S 


Cork- cutting Machine .. ,. 34 
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Corrosioo .. .. .-34 and 35 




Cotton Maciiineiy .. .. 35 


Keels and Coal Shipping 68 and 69 ^H 




Kiln, 69; Knitting Machine .. 69 ^^H 


Deuils of Engines .. 37,38 


Kyanising 69 ^^H 


Displacement 38 


Lamp, Safety 69, 7° ^H 


Distilline Apparatus .. 38 and 39 
Diving and Diving Bells .. 39 


Lend TO ^M 


Lifts, Hoists 70, 71 ^^H 


Docks 39 and 40 


Lights, Buoys, Beacons .. 71 and 72 ^^H 


£)nkinafe ,, .. ..40 and 41 


Umes, Mortars, and Cements .. 72 ^^^H 




Locks and Lock Gales . . 7a, 73 , ^H 


Dredging Machine .. .. 41 


Locomotive 73 ^^H 


Electio-MetaUurgy ,. 43, 44 


Machine Toots 73i 74 ,^^H 
Manganese 74 ^H 


Ei^es, Varieties .. 44, 45 


Marine Engine . . .. 74 and 75. ^H 
Materials of Construction 75 and TA.s^^H 


Engines, AgricultuTal .. I and 2 


Engines, Marine .. .. 74, 75 


Measuring and Folding .. .. 7fi'^^H 


. Engines, Screw .. .. 89,90 


Mechanical MovemenU .. 7^, 77 l^^l 


Engines, Stationary .. 9i> 9* 


Mercniy, 77 ; Merallutgy .. 77 i^^H 
Meter 77,78 ^H 


Escapement .. .. 45,46 


Fan 46 


Metric System 78 ^H 


FUe-cultiDE Machine .. .. 46 


Mills 78, 7gi ^H 


Fire-aims 46,47 


Molecule, 79 ; Oblique Arch .. 79' ^^H 
Ores, 79. to ; Ovens ..So ^™ 


Flax Machinery .. .. 47,48 


FloatWater-wheels .. .. 48 


Over-shot Water-wheel .. 80,81 


FoiBine 4S 


Taper Machinery 8l 


Foundmg and Caaling ,. 48 lo 50 


Permanent Way .. .. 81,82 


FricSoQ, 50 ; Friction, Angle of 3 


Piles and Pile-driving .. 82 and 8j ■ 


Fuel, 50; Fnrnace .. 50,51 




Fiue, 5li Gas Jl 


Planimetcr .. Sf'^^^H 


Gearing 51, 52 


Pumps_ .. ^andS^^^H 


Gearing Bdl .. .. 10,11 




Geodesy 52 and 53 


Railway Engineering .. 85 and 8^^^| 


Glass Machinery 53 


Retainir^ Walls S^^^l 

Rivers, 86, 87 ; Riveted Joint .. S^^^H 


Gold, 53. S4i Governor.. .. 54 


Gravity, 54 ; Grindstone .. 54 


Roads H'^^^^^^ 


Gun-carriBge, 54; Gun Metal .. 54 


Gunnery 54 1° 5^ 


Rope-matting Mac Iiinery ., 89 


Gunpowder 56 


Scaffolding 85 


Gun Machiueiy .. ., 56,57 


Screw Engines .. .. 89,90 


Hand Tools .. .. 57, S8 


Signals, 90; Silver .. 90,91 


Hanger, 58; Harbour .. .. 58 
Httu&ge, 58, 59; Hinging .. 59 


Stationary Engine .. 91, 92, ^^^_ 


Stave-maUng & Cask Machinery ^C^^^ 


Hydraulics and Hydraulic Ma- 


Steel, 93 ; Sugar Mill .. 93, g^^^l 


diineiy 59*063 


Surveying and Snrveying Instra- ^^^^| 


Ice-making Machine .. .. 63 


ments 93> »^^H 


India-rubber .. .. ..63 


Telegraphy 94< 9S^^I 


Indicator 63 and 64 


Testing, 95; Turbine .. 9^^^H 


Injector ., .. .• .. 64 


Ventilation . . 95, 96, 9j[^^^| 


Iron 641067 


Waterworks 9<^ 9£^^H 


Iron Ship Building .. .. 67 


Wood-working Machineiy gb, gS^H 


^^^^ynisatiDn 67ande8 


96,9^^H 
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Abacus, Counters, Speed 


Coal Mining. 


Lighthouses, Buoys, and ^^^^| 


Indicators, and Slide 


Coal Cutting Machines. 


^^^1 


Rule. 


Coke Ovens. Copper. 


Machine Tools. ^^H 


Agricultural Implements 


Docks. Drainage. 


Materials of Construe- ^^^| 


and Michiucry. 


Dredging Machinery, 


^^H 


Air Corapressiars. 


Dynamo - Electric and 


^^1 


Animal Charcoal Ma- 


Magneto-Electric Ma- 


Ores, Machinery and ^^^k 


chinery. 


chines. 


Processes employed to ^^^| 


Antimony. 


Dynamometers. 


^H 


Ai!es and Aile-bases. 


Electrical Engineering, 


Piers. ^1 


^L Bam Machinery. 


Telegraphy, Electric 


Pile Driving. 


■ Belts and Belting. 


Lighting and its prac- 


Pneumatic Transmis- 


^1 Blasting. Boileis. 


licaldetails,Telephones 


sion. 


■ !!,*■=,. 


Engines, Varieties o£, 


Pumps. 


H Brick Ma.chiuery. 


Explosives. Fans. 


Pyrometers. 


■ Bridges. 


Founding, Moulding and 


Road Locomotives. 


^ Cages for Mines. 


the practical work o£ 


Rock Drills. 


Calculus, DifTeiential and 


the Foundry. 


Rolling Stock. 


Integral. 


Gas, Manufacture of. 


Sanitary Engineering. 


Canals. 


Hammers, Steam and 


Shafting. 


Carpentry. 


other Power. 


Steel. 


Csst Iron. 


Heat. Horsepower. 


Steam Navvy. 


Cement, Concrete, 


Hydraulics. 


Stone Machinery. 


Limes, and Mortar. 


Hydro-geology. 


Tramways. 


Chimney Shafts. 


Indicators. Iron. 


WeU Sinking. 


Coal Cleansing and 


Lifts, Hoists, and Eleva- 




H Washing. 


^^ 


_^ 



In demy 4to, buidwmely bonnd in doth, illutlraUd wilA 320 fittt fage flalis, 
Price ly. 



ARCHITECTURAL EXAMPLES; 

IN BRICK, STONE, WOOD, AND IRON. 



4 



Bv WILLIAM FULLERTON, Architect. 



Containine m PlaKs, with ni 
ofFoi 
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The Plates are arranged in Two Parts. The First Part contains 
Details of Work in the four principal Building materials, the following 
being a few of the subjects in this Part : — Various forms of Doors and 
Windows, Wood and Iron Roofs, Half Timber Work, Porches, 
Towers, Spires, Belfries, Flying Buttresses, Groining, Carving, Church 
Fittings, Constructive and Omamenlal Iron Work, Classic and Gothic 
Molds and Ornament, Foliation Natural and Conventional, Stained 
Glass, Coloured Decoration, a Section to Scale of the Great Pjiamid, 
Grecian and Roman Work, Continental and English Gothic, Pile 
Foundations, Chimney Shafts according to the regulations of the 
London County Council, Board Schools. The Second Part consists 
of Drawings of Plans and Elevations of Buildings, arranged under the 
following beads '. — Workmen's Cottages and Dwellings, Cottage Resi- 
dences and Dwelling Houses, Shops, Factories, Warehouses, Schools, 
Churches and Chapels, Public Buildings, Hotels and Taverns, and 
Buildings of a general character. 

All the Plates arc accompanied with particulars of the Work, w 
Explanatory Notes and Dimensions of the various parts. 
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INDUSTRIAL ARTS, MANUFACTURES, AND COMMERCIAL 
PRODUCTS. 



Edited by C. G. WARNFORD LOCK, F.L.S. 



Among the more 
following ; — 
Acids, S07 pp. 210 iigs. 
Alcohol, 23 pp. 16 figB. 
Alcoholic Liquors, 13 pp 
Alkalies, S9 pp. 7S tigs. 
AUoys. Alum. 



Bleaching, 51 pp. 4 
Caniiles, iS pp. 9 bj^^i. 
Carbon Bisulphide. 
Cellulaitt, 9 pp. 
Cements. Clay. 
Coitl-tar Products, 44 pp. 

14 figs- 
Cocoa, S pp. 
Coffee, 32 pp. 13 figs- 
Cork, 8 pp. 17 figs. 
Cotlon Mnaufectarcs, 62 

pp. 57 figs. 
Drugs. 3S pp. 
Dyeing and Colieo 

PriDling, 28 pp. 9 figs. 
DyestufTs, 16 pp. 
Electro-Metallurgy, 13 

Explosives, U pp. 33 figs. 

Feathers. 

Fibrous Substances, gi 

pp. 79 figs. 
Floor-cloth, 16 pp. 31 

figs. 
Food Preservation, S pp. 
Froit, S pp. 



important of the subjects treated of, 1 



: the 



Fur, S pp. j 

Gas, Coot, 8 pp. 
Gems. 

Glass, 4S pp. 77 fig*- 
Graphite, 7 pp. 1 

Hair, 7 pp. ' 

Hair Monnfactnres. | 

l]ats, 26 pp. 26 figs. I 
Honey. Hops. 

Ice, 10 pp. 14 figs. I 

iDdiarublier Manufac- : 

lures. 23 pp. 17 figs. 
Ink, 17 pp. 

Jute Manufactures, II 
pp., II figs. 

Knitted Fabrics — 
Hosiery, IJ pp. 13 figs. 

Lace, 13 pp. g figs. 

Leather, 20 pp. 31 figs. 1 

Linen Manufactures, iG 
pp. 6 figs. 

Manures, 21 pp. 30 figs, 

Matches, 17 pp. 38 ligs. | 

Mordants, 13 pp. ' 

Narcotics, 47 pp. 

Nuts, 10 pp. 

Oils and Fatty Sub- 
stances, 125 pp. 

Faint. 

Paper, 26 pp. 23 figs. 

ForaSn, S pp. 6 figs. 

Pearl and Coral, 8 pp. 

Perfumes, 10 pp. 



Piiotography, 13 -pp. ao 

Pigments, g pp. 6 figs. 
Pottery, 46 pp. 57 bgs. 
Printing and EngraTing, 

20 pp. 8 figs. 
Rags- 
Resinous and Gummy 

Substances, J$ pp. 16 

figs. 
Rope, 16 pp. 17 figs. 
Salt, 31pp. 23 figs. 
Silk, 8 pp. 
Silk Mannfaclures, 9 pp. 

Skins, 5 pp. 

SmaU Wues, 4 pp. 

Soap and Glycenne, 39 I 

PP- 45 figs- 
Spices, 16 pp. 
Spocge, 5 pp. 
Starch, 9 pp. I 



I 



SuL-a 



ofigB. 



'SS PP- 
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Sulphur. 
Tannin, 18 pp. 
Tea, 12 pp. 
Timber. 13 pp. 
Varnish, 15 pp. 
Vinegar, 5 pp. 
Wai, s pp. 
Woo!, 2 pp. 
Woollen Manufactme^l 
58 pp. 39 figs. 
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■ WORKSHOP RECEIPTS, ^| 


■ . FIRST ^^^1 


^r Synopsis of ^^^^^^^ 


Bookbinding. 


Freezing. 


^^1 


Bronzes and Bronzing. 


Fulminates. 


Paper Hanging. ^^^H 


Candles. 


Furniture Creams, Oils, 


Pointingiu Oils, in Water ^^H 


Cement. 


Polishes, Lacquers, 


Colours, as welt as ^^^| 


Cleaning. 


and Pastes. 


Fresco, House, Trans- ^^^^| 




Gilding. 

Glass Cutting, Clenning, 


parency, Sign, and ^^^| 


Concretes. 


Carriage Fainting. ^^H 


Dipping Acids. 


Frosting, DrQIing. 


Photography. ^H 


Drawing Office Details. 


Darkemng, Bending, 


Plastering. ^^H 


Dicing Oils, 


Staining, and Paint- 


Polishes. ^^H 




ing. 


Pottery-(Clays, Bodies, ^H 


Electro - Metallurgy — 


Glass Making. 


Glazes, Colours. Oil«, ^H 


^^ (Cleaning, Dipping, 


Glues. 


Stains, Fluxes, Ena- ^^H 


^M Scratch-brushing, Bat- 


Gold. 


mels, and Lustres}. ^^H 


B teries. Baths, and 




Scouring. ^H 


^H Deposits of every 


Gums. 


Silvering. ^^^1 


^F description). 


Gun Cotton. 


Soap. ^^M 


^ Enamels. 


Gunpowder. 


^H 


Engraving on Wood, 


Horn Working. 


Tannmg. ^^^H 


Copper, Gold, Silver, 


Indiarubber. 


Taxidermy. ^^^1 


Steel, and Stone. 


Japans, Japanning, and 


Tempering Metals. ^H 


Etching and Aqua Tint. 


kindred processes. 


Treating Horn, Mother- ^H 


■ Firework Making — 


Lacquers. 


o'-pearl, and like sub- ^^H 


^fe (Rockets, Stars, Rains, 


Lathing. 


stances. ^^H 


^1 Gerbes, Jeta, Tour- 






^M billons, Candles, Fires, 


Marble Working. 


and Use of. ^^M 


^1 Lances, Lights, Wheels, 


Matches. 


Veneenng. ^^1 


H Fire-balloons, and 


Mortars. 


Washing. ^^M 


^M minor Fireworks). 


Nitro-Glycerioe. 




■ Flnxes. 


Oils. 


Welding. ^^H 


^f Foundry Mixtures. 




H 


Besides Receipts relating to Hie lesser Technologi 


cal matters and processes, ^^H 


such as the mauofactare and use of Stencil Plates, 


Blacking, Crayons, Paste, ^^H 


Fully, Wax, Size, Alloys, Catgut, Tunbridge Ware, Picture Frame and ^^H 


Architectural Mouldings, Compos, Cameos, and others too numerous to ^^H 
^1 ^^^H 
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WORKSHOP RECEIPTS, 



SECOND SERIES. 



Addimetry and Alkali- 


Disinfectants. 


Iodoform. 


metry. 


Dyeing, Stuning, and 


Isinglass. 


Albumen. 


Colouring. 


Ivoiy substitutes. 


Alcohol, 


Essences. 


Leather. 


Alkaloids. 


Entracts. 


Luminous bodies. 


Bold ng- powders. 


Fi reproofing. 


Magnesia. 


Bitters. 


Gelatine, Glue, and Si;e. 


Matches. 


Bleaching. 


Glycerine. 


Paper. 


Boiler Incnistatlons. 


GuL 


Parchment. 


Cements and Lutes. 




Perchloiic acid. 


Clennaing. 


Ink. 




Confectionery. 


Iodine. 


Preserving. 


Copying. 







Pigments, Paint, and Painting : embracing the preparation of 
Pigfnenls, including alumina lakes, blacks (animal, bone, Frankfort, ivoiy, 
liunp, sight, soot), blues (antimony, Antwerp, cobalt, cctruleuro, Egyptian, 
manganate, Paris, Peligot, Frossian, smalt, ultramarine), browns (bistre, 
hinau, sepia, sienna, umber, Vandyke), greens (biuyta, Brighton, Brunswick, 
chrome, cobalt, Douglas, emerald, manganese, mitis, motmlajn, Prussian, 
sap, Scheele's, Schweinfurth, titaniicm, verdigris, zinc), reds (Brazilwood lalce, 
carminated lake, carmine, Cassius purple, cobalt pink, cochineal lake, colco- 
thar, Indian red, madder lake, red chalk, red lead, vermilion), whites (oltun, 
baryta, Chinese, lead sulphate, white lead — by American, Dutch, French, 
German, Kremnitz, and Pattinson processes, precautions in making, uid 
composition of commercial samples — whiting, Wilkinson's white, zinc white), 
yellows (chrome, gamboge, Naples, orpiment, realgar, yellow lakes) ; J^mi 
(vehicles, testing oils, driere, grinding, storing, applying, priming, drying, 
filing, coats, brashes, surface, watei^colours, removing smell, discoloratioD ; 
miscellaneous paints — cement paint for carton-pierre, copper pajnt, gold paint, 
iron paint, lime paints, siUcated paints, steatite paint, transparent paints, 
tungsten paints, window paint, zinc paints) ; Hunting (general instructions, 
proportions of ingredients, measuring p^nt work ; carriage painting — priming 
paint, best pntty, finishing colour, cause of cracking, mixing the paints, oil^ 
driers, and colours, varnishing, importance of washing vehicles, re-vamishing, 
how to dry paint; woodwork painting), " 
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Crown 8vo, doth, 480 pages, with 183 illustratioxis, 5^. 



WORKSHOP RECEIPTS. 



THIRD SERIES. 



Uniform with the First and Second Series. 



Synopsis of Contents. 



Alloys. 


Iridium. 


Rubidium. 


Aluminium. 


Iron and Steel. 


Ruthenium. 


Antimony. 


Lacquers and Lacquering. 


Selenium. 


Barium. 


Lanthanum. 


Silver. 


Beryllium. 


Lead. 


Slag. 


Bismuth. 


Lithium. 


Sodium. 


Cadmium. 


Lubricants. 


Strontium. 


Caesium. 


Magnesium. 


Tantalum. 


Calcium. 


Manganese. 


Terbium. 


Cerium. 


Mercury. 


Thallium. 


Chromium. 


Mica. 


Thorium. 


Cobalt 


Molybdenum, 


Tm. 


Copper. 


Nickel. 


Titanium. 


Didymiimi. 


Niobium. 


Tungsten. 


Enamels and Glazes. 


Osmium. 


Uranium. 


Erbium. 


Palladium. 


Vanadium. 


Galliimi. 


Platinum. 


Yttrium. 


Glass. 


Potassium. 


Zinc. 


Gold. 


Rhodium. 


Zirconium. 


Indium. 







Electrics, — Alarms, Bells, Batteries. Carbons, Coils, Dynamos, Micro- 
phones, Measuring, Phonographs, Telephones, &c., 130 pp., 112 illustrations. 
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WORKSHOP RECEIPTS, 

FOURTH SERIES, 

DEV0I8D UAIHLY TO HANDICRIFTS S MECHMICAL SDBJECIS. 



Waterproofing — rubber goods, caprammoniunt processes, miscelluieom 

preparalions. 
Packing and Storing urticles of delicate odour or colonr, of a deliquescent 

character, liable to ignition, apt to suffer fbom insects or damp, or easily 

Embalming and Preserving anatomical specimens. 

Leather Polishes. 

Cooling Air and 'Water, prodacing low temperatures, making ice, cooling 

syrups and aolulions, and separating salts from liquors by refrigeration. 
Pumps and Siphons, embracing every useful contrivance for raising and 

supplying water on a moderate scale, and moving c ' ' ' 

and other liquids- 
Desiccating — ^air- and water-ovens, and olber appliances for drying n 

and artificial products. 
Distilling — water, tinctures, extracts, pharmaceutical preparations, e: 

perfumes, and alcoholic liquids. 
Emulsifying as required by pharmacists and photographers. 
Evaporating — saline and other solutions, and liquids demi 

precautions. 
Filtering — water, and solutions of various kinds. 
Percolating and Macerating. 
Electrotyping. 

Stereotyping by both plaster and puper processes. 
Bookbinding in all its details. 
Straw Plaiting and the fabrication of baskets, matting, etc 
Musical Instruments— the preservation, tuning, and repair of pianos, 

harmoniums, musical boxes, etc 
Clock and Watch Mending— adapted for intelligent amateurs. 
Photography — recent development in rapid processes, handy apparatus, 

numerous recipes for sensitizing and developing solutions, and applica- 

tioi^s to modem illustrative purposes. 



mding special 
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WORKSHOP RECEIPTS. V 


FIFTH SERIES. H 


Containing many new Articles, as weE as additions to Arlictes included in ^^| 


the previous Series, as follows, viz. : — ' ^^^| 


Anemometers. 




Barometers, How to make. 


Apparatus. ^^^| 


Boat BuildinR. 


Labels. Lacquers. ^^^| 


Camera Lucida, How to use. 




Cements and Lutes. 


Inks. Writing, Copying, Invisible, ^^M 


CoolinE. 


Marking, Stamping. ^^H 


Copying. 


Magic Lanterns, their management ^^M 


Corrosion and Protection of Metal 


and preparation of slides. ^^M 


Surfaces. 


Metal Work. Casting Ornamental ^^M 




Metal Work, Copper Welding, ^H 


Desiccating. 


Enamels far Iron and other Metals, ^^H 


Diamond Cnttingand Polishing. Elec- 


Gold Beating, Smiths' Work. ^H 


trics. New Chemical Batteries, Bells, 






Netting. ^^1 


of Electric Lighting, Microphones, 


Packing and Storing. Adds, Sec ^^M 


Simple Motors, Phonogram and 


Percolation. ^^H 


Gtaphophone, Registering Appa- 


Preserving Books. ^^1 


ratus, Reeulalors, Electric Welding 


Preserving Food, Plants, &c. ^^M 


and Apparatus, Transformers. 


Pumps and Syphons for various ^^^| 


Evaporating. 


^^M 


Explosives. 


Repairing Books. ^^M 


Filtering. 


Rope Tackle. ^^H 


Fireproofing, Buildings, Textile Fa- 


Stereotyping. ^^^H 




Taps, Various. ^^H 




Tobacco Pipe Manufacture. ^^H 


Apparatus. 


Tying and Splicing Ropes. ^^H 




Velocipedes, Repairing. ^^^| 


ling, Breaking, Etching, Frosting, 


Walking Sticks. ^H 
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In demy 8vo, cloth, 600 pages and 1420 illustrations. Si. 

SPONS' 
MECHANICS' OWN BOOK; 

A MANUAL FOR HANDICRAFTSMEN AND AMATEURS. 
Contents. 
Mechanical Drawing — Casting and Founding in Iron, Brass, Bronze, 
and other Alloys — Forging and Finishing Iron — Sheetmelal Workii>g 
— Soldering, Brazing, and Burning — Carpentry and Joinery, embracing 
descriptions of some 400 Woods, over 200 Illustrations of Tools and 
their uses. Explanations (with Diagrams) of 116 joints and hinges, and 
Details of Construction of Workshop appliances, rough furniture. 
Garden and Yard Erections, and House Building — Cabinet-Making 
and Veneering — Carving and Fretcutting — Upholstery — Paintbg, 
Graining, and Marbling — Staining Furniture, Woods, Floors, and 
Fittings — Gilding, dead and bright, on v.irious grounds — Polishing 
Marble, Metals, and Wood— Varnishing- — Mechanical movements, 
illustrating contrivances for transmitting motion — Turning in Wood 
and Metals — Masonry, embracing Stonework, Brickwork, Terracotta 
and Concrete — Roofing with Thatch, Tiles, Slates, Felt, Zinc, &c. — 
Glazing with and without putty, and lead glazing — Plastering and 
Whitewashing — Paper-hanging — Gas-fitting — Bell-hanging, ordinary 
and electric Systems — Lighting — Warming — Ventilating — Roads, 
Pavements, and Bridges — Hedges, Ditches, and Drains — Water 
Supply and Sanitation — Hints on House Construction suited to new 
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